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PREFACE. 

The aim of this book is twofold — to explain the properties of the 
photographic lens without the aid of mathematical formulae, and to 
give instruction in the selection and proper use of a lens. Chapters 
I. to VII. are devoted to the first of these objects, and are modelled 
on the lines of that excellent text book, Photographische Optik, by 
Dr. Adolf Miethe, of which, unfortunately, there is no English 
translation. Chapters VIII. to XVII. concern the practical use of 
the lens, but should be studied in connection with the first part of 
the book. Other works on photographic optics, to which the student 
is referred, and to which, as he will see, the authors are considerably 
indebted, are as follows : — The Technics of the Hand- Camera, by 
W. B. Coventry, M.Inst.C.E., which contains a specially commend- 
able treatment of " depth of focus " ; Contributions to Photographic 
Optics, by Otto Lummer, translated and augmented by Silvanus P. 
Thompson, F.R.S., which gives the best account of the services of 
Jena glass in photographic optics; and Telephotography , by T. R. 
Dallmeyer ; Practical Notes on Telephotography, by R. & J. Beck, Ltd. ; 
and A Monograph on the Nature and Application of the Telephoto- 
graphic Objective, by Dr. P. Rudolph, all of which amplify what is here 
said on telephotography ; Mr. Dallmeyer's work being an exhaustive 
treatise. 

Thanks are here tendered to several persons and firms for the use 
of blocks, viz., to R. & J. Beck, Ltd. (for fig. 10) ; J. H. Dallmeyer, 
Ltd. (fig. 63) ; Ross, Ltd. (figs. 73, 74, and 75) ; Carl Zeiss (fig. 
109); W. Thomas (figs. 114 and 115); and Miss Evelyn Boden 
(fig. 117). Professor F. J. Allen has permitted the reprint of the 
notes on angle of view, and has contributed some others, and Mrs. 
Catharine Weed Ward has supplied the illustrations on pp. 109 
and 110. 

London, April 1902, 
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CHAPTER I. 



HOW THE LENS FORMS AN IMAGE, BTO. 

[1 How a Lens works. — Let us bear in mind that a lens or a pinhole 
— for we are going to use a pinhole to help us to understand the lens 
— does not " form " the image we see on the ground glass. The rays 
of light from the object do that. The lens sifts or alters these rays, 
permitting a few to do what many could not. First of all let us get a 
clear idea of what is happening when a camera is set up before, say, a 
landscape. 

The objects in the landscape are lighted by the sun. They are 
visible to us because they reflect the sun's light to our eyes — always 
in straight lines. In text-books on light you will learn that light 
follows a certain law when it is reflected — viz., that the angle of in- 
cidence equals the angle of reflection {i.e. in fig. 1 dotted angle on 
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Fig. 1. 



Fig. 2. 



right equals dotted angle on left) — but this is true only of polished 
surfaces like mirrors, metals, etc. If aU objects in nature reflected 
light according to this optical law, we should see things only when 
they were in certain positions, just as we see the brilliant reflections 
from a sunlit piece of glass on a wall or from the spangles on a ballet 
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8 THE LENS. [I coned.] 

girl's dreas only when we are just in one particular place. But the 
law is not true for dull surfaced things — the things which make up 
almost the whole of every subject. These, when a ray of light falls 
upon them, do not reflect it at one particular angle but scatter it in 
all directions (see fig, 2), where A is the direct ray of light, and a b 
c, etc., the reflected rays. 

Now let U3 picture tliis scattering shown in fig. 2 as going on every- 
where where light falls. Let us consider it " point by point," and let 
us think of a point for the moment as Euclid does, viz., "that which 
has no size but only position." In fig. 3, a and 6 are two such points 
in a tree. Kays of light fall upon them and are scattered in all 



Fig. a 



directions. What is here shown at a and b is true of every other 
point in the tree — of every other point in everything else. It would 
confuse us to try to represent this complex reflection of light on paper, 
but let us take one point {a, fig. 4) and see what happens when we 



place a pinhole camera before the tree. We will assume, what can- 
not be very well shown in the drawing, that the camera is a long 
way off. 

Of the rays which are scattered from a, many will fall upon the 
camera front, and we can imagine some few (or indeed only one, if we 
have an exceedingly fine pinhole) passing through the pinhole and 
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producing an image of the point a at a\ Similarly the point b has 
its image produced at b' (fig. 5), and this point-for-point formation 
holds good for every hit of detail in the picture. Figs. 4 and 5 will 
at once make clear why the image of the whole object is upside 
down. 

Now an image made up of points each of which has no size, is un- 
thinkable, and indeed you will see that the image is really made up 
of a great number of little discs each the size of the pinhole and each 
representing, not our theoretical and impossible ray of light, but a 
little bundle of such rays proceeding from a certain small area. The 
diameter of each of these little discs determines the " sharpness " or 
otherwise of the picture — of which more when we come to lenses and 
"circles of confusion," — but we can visualise the above "point-for- 
point " formation of the image by imagining a drawing done not in 
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line or wash but built up of discs of paper of various shades (e.g. con- 
fetti). Suppose this " drawing " reduced in size so that the discs are 
invisible to the naked eye (at a short distance), and we get some idea 
of the structure of the pinhole image. Let us bear these facts about 
the pinhole in mind while we go to learn something about the lens. 
We shall want them. 

Try this experiment. Place a coin at the bottom of a basin and 
take your seat so that the coin is just out of sight (fig. 6). Now get 
a friend to fill the basin with water. Without having moved your 
head you will see the coin. Why is this? It is because light, 
although travelling always in straight lines, is bent in its course when 
it passes at an angle from one substance into another of different density, 
in this case from water into air. When the direction of the ray is at 
right angles to the surface bounding the two substances {e.g. the line 
X y) there is no "refraction." 

[2] A prism is a familiar refracting instrument and will lead us up 
to the action of a lens. Fig. 7 shows a prism in perspective and in 
section. A ray of light falling upon a prism is twice bent (a and b) 
towards the base. This is, of course, equally true of the prism shown 
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in fig. 8, or of those (sections of a triangular prism) in fig. 9, how- 
ever finely the prifim may be sliced up. A prism does more than 
refract a ray of light t it " disperses " it ; but we will consider this 
later. If we place two identical prisms base to base we find that 
rays of light (a b) are bent similarly and meet at 1 ; c and d meet 






at 2 ; and e and/at 3 (fig. 10}. Now imagine each of these prisms 
sliced Tip into a great number of very thin prisms ; we can 
imagine each replaced by a prism of slightly different angle such as 
we get in fig, 11, which is a lens, and owing to its curved surface 
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bends all rays to the same point. It is a converging or positive lens. 
If the two prisms are placed apex to apex (fig. 12) we get a lens as 
in fig. 13, which bends rays further apart instead of bringing them 
together. It is a " negative " lens. 

Now look back to figs. 4 and 5, where it is seen that only a few 
rayajfrom a given point pass through the pinhole to form the image. 
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Imagine the pinhole replaced by the lens. A much larger number 
of rays from each point are now received (since the area of the lens 
is much greater than that of the pinhole), and, as we have just seen 
in fig. 11, are collected at one point by the lens. The same thing 
happens with the rays from every other point, which are collected 
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Fig. 11. 



and brought to a spot on the ground glass, the position of which 
depends, of course, on the inclination of the original rays to the lens. 

We said that the rays are collected at "points," but this is not 
exactly true. In the pinhole image the fineness of definition depends 
on the size of the pinhole (see above). In the lens image it depends 
on a number of things which we now are to consider. 

Let the reader always bear in mind that (in the above diagrams 
and those which follow) when rays are shown proceeding from a 





Fig. 12. 



Fig. 13. 



single point towards the lens, this point represents some one point 
in the object ; and what is true of it is true of every other point in 
the same plane. 

[3] Tlie Actual versus the Ideal Lens, — We have now seen how an 
image (of a sort) is produced by a lens, but for the sake of simplicity 
we left a number of things out of consideration. These we must now 
pass to consider, for they are of great importance to the practical user 
of a lens. We will first get a clear idea of one or two terms in 
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common use, viz., focus, circle of confusion, focal length, and con- 
jugate foci. 

[4] Focus, — Among photographers the word focus is often 
wrongly applied. It is said of a lens that "its focus is six inches/' 
Now a focus is not a lens ; it is a place, the place where things are 
brought together. Thus in iig. 14, rays of light from a point fall 
upon the lens and are bent by it to meet at /; / is the "focus" of 
these rays. Another set of rays also parallel, but coming in a 
different direction, will meet at a point/', which is the " focus " of these 
rays. For the sake of brevity we shall frequently use the word 
" focus " instead of " focal length " in these pages in cases where no 
ambiguity is thereby introduced. The ideal lens from the photog- 
rapher's point of view bends all the sets of rays reaching it from 
every point, so that their meeting points (foci) all lie on a flat surface, 
or, in other words, the "focal plane," ss', fig. 14, is really a plane 
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Fig. 14. 

(flat) surface. But in practice this perfection is approached in vary- 
ing degree. Some lenses have " focal planes " which are concave 
(cc'), and some "focal planes" which are convex (rr') (fig. 14). 

[5] Circle of Confusion, — We have spoken of the focus of a set 
of rays from a point as a point, and we must again say that it is 
really never a point but a tiny disc. You will see several reasons for 
this soon, but just here we can show you two prints which will help 
you to understand fig. 14. Suppose that the ground glass (ss') is set 
back a little : you will see that the rays which met at / will cross and 
diverge, so that what at/ are " points" (as near as we can get them) 
become discs which get larger and larger (as we set the screen further 
back) and so overlap, giving a confused or unsharp picture. Figs. 15 
and 16 are taken with the same lens, the plate of fig. 15 being in the 
focal plane ss', and that of fig. 16 being set back about a quarter 
of an inch. Owing to the fact that some points in the subject 
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are so much brighter than their surroundings, the enlarge- 
ments of the minute dots blot out the adjacent circles and 
appear as white discs. Compare these pictures with fig. 14 
and you will get some idea of the way in which the action 
of the lens is there represented. 

The overlapping of images shown in fig, 16 occurs to 
a certain extent in the most sharply focussed picture. 
Sharpness is merely a question of degree, and the amount 
of unsharpness tolerated in a picture depends upon the 
distance at which it is to be viewed, and therefore really 
upon its size; but it is a fact that a picture which is 
made up of circles (" circles of confusion ") only ^ijj of an 
inch in diameter appears quite sharp at a distance of ten 
inches (the normal distance at which a picture is viewed 
in the hand), so that this degree of sharpness ("circles 
of confusion" of y^ inch diameter) has been taken as 
a kind of standard for the many purposes where such 
a standard is useful. 

[6] Focal Length is more difficult to explain. It is the 
distance from the sharp image of an object a very great 
way off to the lens — or rather to a point before or behind 
the lens, the position of which we will talk about later 
(Chapter II.). It is mentioned here lest the reader should 
imagine that the text-book methods of measuring to the 
glass or to the stop are accurate. The object focussed 
must be so far away that the rays from any one point in 
it are practically parallel when they reach the lens. The 
reason for this is clear. Focal length is really a measure 
of bending power — rays are bent to meet at a point — and 
a lens can only do so much bending and no more. The 
further off an object is, the more nearly parallel the 
rays become. Theoretically they can never be parallel, but 
practically they do become so. The two lines down the 
side of this page appear parallel, but as a matter of fact 
they would meet at a point ten feet away, and the nearer 
the object the more divergent the rays and the more 
bending necessary to bring them to a focus. Hence in 
speaking of "focal length" we always mean for parallel 
rays, just as we should think it necessary to say, in regard 
to a cyclist's record, whether it was made on the road or 
the track. 
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[7] Conjugate Foci, — As just mentioned, the bending power of 
a lens is fixed and limited (except as modified by the stop ; see 
Inter), so that divergent rays reaching it are brought to a focus at 
a greater distance behind it than are parallel rays (compare figs. 14 
and 17). For every distance {y) of the object from the lens there 




Fig. 17. 

is a certain distance {x) of the lens from the plate. These two 
distances {x and y) depend upon each other {i,e, are "conjugate") 
until the object is taken so far away that the rays from it are 
practically parallel when they reach the lens. This is the position 
sometimes spoken of as "at an infinite distance from the lens." 
These conjugate foci (x and y) are of great importance in copying 
and enlarging, (See Chapter XV.) 



CHAPTER II. 

FOCAL LENGTH. " BACK FOCUS." CONJUGATE FOCI. 

[Ij Focal Length, — In [6], Chapter I., we spoke of focal length as a 
measure of the bending or refracting power of a lens — the shorter 
the focal length the more "powerful" the lens, because it bends 
the rays more strongly. We said that the focal length was the 
distance of the sharp image (of an object a great way off) not 
necessarily from the lens but possibly from some point before or 
behind it. We may now explain this statement. We shaU thus 
learn the meaning of the terms "equivalent focal length" and **back 
focal length " (or " back focus "). 

If we take a lens of a certain kind, say one combination of 
almost any anastigmat, and focus on an object a great way off", we 
shall get, of course, a sharp image on the ground glass. Let 
the reader try this experiment himself, and measure— (1) The size 
of the image on the ground glass, and (2) the distance of the 
nearest surface of the lens from the plate. Now let him turn the 
lens the other way round, so that the previous face is turned towards 
the plate, and again focus. He will find this time that the image is 
the same size, but that the lens is now much nearer the plate — about 
ran inch nearer in the case of the back combination of a GJunch 
lens. This difference, which is often very puzzling to beginners, 
arises from certain well known lens laws which are not difficult to 
■explain. The above is an instance of a lens having different 
"** equivalent " and "back" focal lengths. 

To understand how this point (or points — for there are two of 
them) comes about, let us begin with the refraction of light. 

[2] Refraction by Glass Plate, — When a ray of light passes into a 
flat glass plate at an angle, t.e. not perpendicularly to the surface, it 
is bent when it enters the denser glass, and again to the same extent in 
the opposite direction, when it passes again into the air. The result 
is that it pursues a new path which is parallel to its original direction. 

16 
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Thus in fig. 18 the ray A B is bent at B and again at C, the ray C D 
being parallel to A B, and appearing as though it had started from A', 
Now if the glass plate be extremely thin, this shifting of the ray 
parallel to itself is so slight that the two paths appear to form one 
continuous line (fig. 19). When the glass is infinitely thin (i.e. has 




no thickness at all) they do form one straight line. A plate of no 
thickness ia of course impossible, but the idea is couventent. Now 
let us apply a similar process to a lens. 

[3] Refraction by thick and thin Lens. — When a ray of light falls 
upon a lens in a direction other than along the axis it is likewise beat 



twice — once on passing into the glass and again on emerging into the 
air. Thus in fig, 20, A B is bent towards C, and goes on in the 
direction C D, parallel to A B, Now if we draw A B until it meets 
the axis of the lens in N, and C D, backwards, until it also meets the 
axis in N^, we get two points which have interestii^ properties 
connected with the question of focal length. Notice first, however. 
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that when the lens is infinitely thin this shifting of a ray passing 
through the centre does not take place (see fig. 21). Although there 
is no such thing as an infinitely thin lens any more than an infinitely 
thin plate, yet spectacle lenses of great focal length approximate to 
the condition of things diagrammatised in fig. 21. In such lenses the 
two points, Nj and Ng, have come together. 

[4] Nodal Points. — These two points, N^ and Ng, are called the 
** nodal" or ** Gauss" points of the lens, and the action of every lens 
more or less perfectly takes place as though it possessed these points 
with properties such as are shown in fig. 20, and which may be 




Fig. 21. 



expressed thus. Any ray of light proceeding in any direction 
towards one of these points passes out of the lens as though it had 
passed through the other. For example, let us suppose we want to 
map out the continuation of the ray, A B. If we know the position 
of the nodal point Ng (see Chapter XVII.), we have only to draw a 
line through Ng parallel to A B to obtain the new path of A B : we 
need know nothing of the path of A B in the glass. 

[5] Nodal Planes, — In fig. 22, lines are drawn through Nj and Ng. 
These represent flat surfaces — nodal planes — passing through the 
nodal points at right angles to the axis of the lens. Just as the two 
points, Nj and Ng, enable us to simplify the tracing of a ray of light 
passing through the centre of the lens (or to keep to the phraseology 
we are now introducing — through one of the nodal points), so these 
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nodal planes, P^ and Pg, enable ns to deal with those rays which 
are deflected by the lens, but, unlike rays passing through the first 
nodal point, do not emerge parallel, but pursue a path at an angle to 
that previously traversed. Thus, fig, 22 shows three rays proceeding 
from a point A and forming an image a. If we know the relative 
positions of object and image we can fix the directions of any number 
of rays going from A to a, by drawing lines from A on to P^, dropping 
perpendiculars from these points, P^, Pg, on to Pg, and joining this 
second series of points to a. 

[6] Nodal Poinis and Focal Length. — Now we can come back to 
focal length. We have seen that these two planes with their nodal 




Fig. 22. 

points, Nj and Ng, form as it were a kind of halting-place in the 
optical system. 

This is a purely and entirely imaginary conception : the rays of 
light between the two lenses in fig. 22 do not follow the course shown 
in the dotted lines, but the image is formed as if they did. That is 
a point we would like to emphasise, because it is so easy to come to 
think that the terms and diagrams of the nodal theory represent 
actual things. The node nearest the object is called the " node of 
admission," that nearest the image the " node of emergence." It is 
from this latter point that focal length is measured. The distance 
between this node of emergence and the image of an object an 
immense way off is the real (or equivalent) focal length of the lens. 
An infinitely thin lens placed at the node of emission would produce 
the same sized image. Hence the term "equivalent focal length," 
which is used to express this fact. Any combination of lenses can 
be said to have an equivalent focal length in this sense — i.e. an 
infinitely single lens placed in the node of emission would give an 
image identical with that of the combination. For two lenses. 
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however, to be exactly " equivalent " their focal lengths must be the 
same and their nodal points similarly situated : otherwise they will 
not act alike under all circumstances. 

It is interesting to know whereabout these points are situated 
whenever we are concerned with the reproduction of objects of a 
certain size, as in exact copying or enlarging. If we are only occupied 
with the extension of camera required with any given lens, then 

(1) (2) (3) (4) (5) (6) 
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Fig. 23. — (1) Bi-convex ; (2) Plano-convex ; (3) Meniscus, convex side towards 
the light ; (4) Meniscus, concave side towards the light ; (5) Meniscus with 
surfaces of equal curvature ; (6) Plano-concave. 

"back focal length"' — i.e, the distance of a sharp image of an in- 
finitely distant object from the nearest surface of the lens — is what we 
want. 

[7] The Positions of the Nodal Points are very various. They 
may be separated or may coincide, or may be crossed — i,e, the node of 
admission is nearer the plate than the node of emergence. Fig. 23 
shows the position of the nodes in some ordinary types of lenses. 




Fig. 24 shows the position of the nodal points in a compound 
meniscus as largely used for landscape work. When the lens is 
reversed, the real focal length remains the same, but the back focal 
length is appreciably greater. We reproduce this and the three 
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following diagrams from T. K. Dallmeyer's lecture on Focimetry 
(Traill-Taylor Memorial Lecture, 1898). Fig. 25 shows the position 
of the nodes in a whole plate rapid rectilinear of 11 ins. real focal 
length. They just cross one another, so that, although a symmetrical 
combination, its absolute focal length is slightly shorter than would 
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Fig. 26, 

be expected from the measurement from the diaphragm to the image 
of an infinitely distant object. 

Fig. 26 shows the disposition of the principal points in a Stig- 
matic of 6*4 ins. focal length. The points of the front combination 
(a) are near together, slightly crossed, and about y^ths of an inch in 
front. In the case of the back combination they are not crossed, 
are near together, and as much bs l^ ins. behind the lens. For 
the entire combination they are very close indeed to one another but 
only x\ths of an inch from the shoulder of the back combination. So 



(a) Ps 




Fig. 26. 

that the camera extension in using this lens as a combination would 
be noticeably longer than that for a symmetrical lens of the same 
absolute focal length, but in using either combination as a single 
lens with the diaphragm in front, the front combination would 
measure -^^ths of an inch, and the back 1 J ins., longer in back focal 
length than the absolute focal length in each instance. 

[The above applies to the stigmatic as first put on the market. At 
the present time the disposition of the nodal points is not as here shown.] 

[8] Nodal Points of Negative plus Positive Combination, — Fig. 27 
represents a combination of a positive lens of 9 J ins. focal length 
and a negative lens of 13 ins. focal length separated by a distance of 
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4 ins. Its absolute focal length is 16 J ins., and its back focal 
length 9J ins. Both the principal points and planes, N^, Ng, are 
in front of the positive lens. The back focal length in the case 
of light incident upon the positive lens is 9 J ins., but when the 
rays are incident upon the negative lens the back focal length is 
22 ins. In the first case the absolute focal length is determined by 
the distance between the principal plane Nj (in front of the lens) 
and the focal plane behind the lens, so that the back focal length is 
here shorter than the absolute focal length. In the second case the 



/V/ 



yt^ 



y^ 



foeaiie^^^ 



f- 



**"" 'Bat^'S<rM/Uftr 




''a 



/ 



^^,^>Vwi.^.^^ 



5^ 



Mack /iicae/ /^* 



n 



'U 



'^ 



/ 






H 



^s 



+ - ^^ \ 



^-^ytt 



\ 



Fig. 27. 

absolute focal length is the distance between the principal plane, Ng 
(behind the lens), and the focal plane in the same direction, so that 
the back focal length in this case is considerably longer than the 
absolute focal length of the combination. (See also the Telephoto 
Lens, Chapter X.) 

[9] Focal Planes. Symmetric Planes, — As we have seen, we know 
all about a lens, as regards its reproducing objects to scale, when we 
know its focal length and the position of its nodal points. Thus we 
may make a map of the lens as in fig. 28. Pj and Pg are the nodes of 
admission and emergence for the ray going from left to right : vice 
versd for that shown dotted going from right to left. Parallel rays 
coming from a point at an infinite distance to the right or left come 
to a focus at one or other of the " focal planes " F, the distance from 
these planes to the nearest nodal plane being the real focal length of 
the lens. The planes, S^ Sg, situate a distance from the nodal planes 
equal to twice the focal length are called (by Professor Silvanus P. 
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Thompson) " Symmetric planes." They possess this property, that an 
ohject placed in one has its image reproduced the same size in the 
other — i,e, to copy the same size the picture must be placed twice the 
focal length of the lens from the node of admission and the plate the 
same distance behind the node of emergence. The diagram shows 
that the old rule for finding the focal length of a lens — /.e. copy same 




Fig. 28. 

size and divide distance between plate and picture by 4 — is not quite 
correct; it leaves out the nodal space (black in fig.), which must be 
subtracted from the distance between S^ and Sg. On the other hand, 
in the case of a lens with crossed nodal points (fig. 29), the distance be- 
tween the nodal planes must be added to the distance between S^ and Sg. 




Fig. 29. 

[10] I%e Practical Importance of the Nodal Points lies in this — 
that we can map out, as it were, any lens by a series of lines marking 
the position of the nodal points and the focal plane. For example, 
when we come to alter the focal length of a lens by combining it 
with a positive or negative lens (Chapter IX.) we can fix with 
certainty the relative positions of the glasses. To direct that a 
supplementary lens be placed one inch in front of a rectilinear 
conveys no exact meaning ; but to direct that the node of admission 
of the rectilinear is to be, say, half an inch from the node of emission 
of the supplementary lens is a precise expression which, with the 
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knowledge of how to find nodal points given in Chapter XVII., enables 
us to combine lenses with greater accuracy. In telephoto calculations 
this is especially important ; for ordinary purposes the rough and ready 
methods of trial and error are near enough for all practical require- 
ments. 

[11] Conjugate Foci. — As explained in [6] and [7], Chapter I., 
divergent rays come to a focus further away from the lens than do 
parallel rays. For practical purposes any ray of light which comes to 
a lens from a point at least fifty times the focal length of the lens 
is as good as parallel, and that point may be said to be infinity so far 
as this lens is concerned. But as soon as we step past this infinity 
point towards the lens we begin to find that the image is not sharp 
and that we must slightly increase the distance between the lens and 
the plate (getting thereby a larger image on the plate), and we must 
go on increasing this distance as the object we are focussing approaches 
the camera, for the reasons already set forth. 

[12] Rule for Conjugate Foci, — Now for every position of the object 
there is a certain position of the camera, and these two distances, the 
distance of the object from the lens and of the lens from the plate, 
are called conjugate foci, 

A very simple mathematical rule connects the distance from lens 
to object (D), the distance from lens to plate (d) and the enlargement 
or reduction of the object (i.e. the number of times a given line in 
the object is larger or smaller in the image). Note the word line, 
because some prefer to calculate reduction and enlargement on the 
basis of area, which introduces different conditions. 

Let F be the focal length of the lens and r the ratios of enlarge- 
ment or reduction. 

Then the distance d is equal to F phfs F divided by r. Expressed 
more shortly : 

ci = F + — f 
r 

On the other hand, D equals F plus F multiplied by r, or 

D = F + Fx/-. 

An example will show how simple this rule is. Suppose one wants to 
reduce a picture so that a 12-inch line becomes 3 ins. — i,e, r=4. 

If a 6-inch lens is being used, d (camera extension) = 6 + -j- = 6-hlJ = 

7 J inches, and D = 6 + 6x4 = 6 + 24 = 30 inches. 

Bear two- other things in mind which will help to use this for- 
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mula : — (1) Positions of image and object are reversible. If we were 
enlarging 3 ins. to 12 with a 6-inch lens we should place the lens 
and negative 7J ins. apart and the lens and paper 30 ins. apart. 
(2) The smaller conjugate is just r times the larger, e.g. 7^ x 4 = 30. 
This is always the case, and is useful as a cheek on calculation. 

[13] Table for Conjugate Foci. — To save calculation it is useful to 
work out this rule in tabular form. We give one way in which 
this is done. 

Table op Enlargement and Reduction (from The British 

Journal Photographic Almanac), 



Focus 

of 
Lens. 



TIMES OF ENLAROEMBNT AND BEDUCTION (LINEAR). 



1. 



2. 



Inches. Inches. | Inches. 



2i 



3i 



4 



4i 



5 



5h 



6 



4 
4 



6 
5 



6 
6 



7 
7 



8 
8 



9 
9 



10 
]0 



11 
11 



12 
12 



14 
14 



16 
16 



18 
18 



6 
3 



7h 



9 



10 J 

6i 



12 
6 






16 

7h 



16i 

H 



18 
9 



21 
lOi 



24 
12 



27 



3. 


4. 


Inches. 
8 
2§ 


Inches. 
10 

24 


10 




12 

4 


15 
3f 


14 
4S 


41 


16 

5i 


20 
6 


18 
6 


224 
5| 


20 
68 


25 
6i 


22 

7h 


274 
6| 


24 
8 


30 

74 


28 
H 


35 

8i 


32 
10§ 


40 
10 


36 
1-^ 


45 
lU 



6. 



6. 



Inches. | Inches. 
12 1 14 
2* 2i 



15 
3 



18 
3* 



21 



24 
4^ 



27 
5* 



30 
6 



33 
6f 

86 

7i 

42 



48 



9^ 



54 

m 



174 

214 



21 
34 

244 

41^, 



28 
4§ 



314 



35 



384 
6A 



7. 


8. 


Inches. 
16 
2} 


Inches. 

18 

2i 


20 
2? 


22^ 

m 


24 
3f 


27 


28 
4 


314 

m 



32 

44 



36 

5f 



36 
44 



404 
6-» 



TF 



40 

5f 


45 

5f 


44 
6f 


494 
6^ 



42 

7 


48 
6f 


54 

6S 


49 

8i 


56 

8 


63 

7i 


56 
9i 

63 
104 


64 
9f 


72 
9 


72 
10« 


81 
10| 
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The object of this table is to enable any manipulator who is about to 
enlarge (or reduce) a copy any given number of times, to do so 
without troublesome calculation. It is assumed that the photographer 
knows exactly what the focal length of his lens is, and that he is able 
to measure accurately from its nodal points. The use of the table 
will be seen from the following illustration : — A photographer has a 
carte to enlarge to four times its size, and the lens he intends 
employing is one of 6 ins. equivalent focus. He must, therefore, 
look for 4 on the upper horizontal line, and for 6 in the first vertical 
column, and carry his eye to where these two join, which will be at 
30 — 7^. The greater of these is the distance the sensitive plate must 
be from the centre of the lens ; and the lesser, the distance of the 
picture to be copied. To reduce a picture any given number of times 
the same method must be followed, but in this case the greater 
number wiU represent the distance between the lens and the picture 
to be copied ; the latter, that between the lens and the sensitive 
plate. This explanation will be sufficient for every case of enlarge- 
ment or reduction. 

If the focus of the lens be 12 ins., as this number is not 
in the column of focal lengths, look out for 6 in this column and 
multiply by 2, and so on with any other numbers. 

For most purposes it is accurate enough to measure the distances 
from the stop of rectilinear lenses or from near the centre of single 
lenses, but in cases where it is desired to scale off an enlarging camera 
so that focussing is not required, this is not sufficiently exact. The 
correct points from which to measure the two distances are the nodal 
points of the lens. See [4] above. 

[14] Conjugate Formula. — It is well to remember also that the letters 
P and Q are generally used in works on optics to denote conjugate foci, 
and the letters v and u the respective distances of the foci from the 
lens. The formula connecting these two conjugate focal lengths {u and 

v) with the focal length for parallel rays F, is 1 =t^> which 

becomes more applicable by those unused to algebra if we express 

it thus : — 

F (v + u)=u v; 

or in other words the conjugate focal lengths added together and multi- 
plied by the equivalent focal length are equal to the result of multi- 
plying one conjugate by the other. 

Thus from the table : — 

6(18 + 9)=18x9 



CHAPTER III. 

ANGLE OF VIEW. INEQUALITY OF ILLUMINATION. 

[1] Angle of View, — There is some confusion as to the exact defi- 
nition of "angle of view." In fig. 30 we have a plate (shown in 
solid lines), supposed to be bearing an image formed by the lens, 
L. According to the usual convention the angle included between 
the lines drawn from the opposite ends of the plate to the lens (or 
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Fig. 30. 



to the nodal point of emergence) is the "angle of view." It is, 
however, insisted that a more scientific definition is to specify the 
angle included between the lines drawn from opposite ends of the 
diameter of the circular field of the lens — i.e, from the diagonal of the 
plate. The difference is shown by the dotted portion of the figure in 
which the plate is supposed to have been rotated so that its diagonal 
is vertical. Whichever standard is adopted the table on next page 
can be used for calculating the angle of view. 

Example, — Given a lens of 13 ins. equivalent focal length. 
Required the angle included by it on plate 3J x 4J, on " base " 
basis. 
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Dividing 4 J by 13 we have as quotient '327 — midway between 
•317 and -335 in our table. Therefore angle is 18' 30'. 
On diagonal basis 5*3 — 13= '408, corresponding to 23*. 

Table of View-Angles. By Clarence E. Woodman, Ph.D. 

Divide the Base * of the Plate by the Equivalent Focal Length of the Lens. 



If the quo- 


The 


If the quo- 


The 


If the quo- 


The 


1 tient is 


angle is 


tient is 


angle is 


tient is 


angle is 




Degrees. 




Degrees. 




Degrees. 


•282 


16 


•748 


41 


1-3 


66 


•3 


17 


•768 


42 


1-32 


67 


•317 


18 


•788 


43 


1-36 


68 


•335 


19 


•808 


44 


1-375 


69 


•353 


20 


•828 . 


45 


1-4 


70 


•37 


21 


•849 


46 


1-427 


71 


•389 


22 


•87 


47 


1-45 


72 


•407' 


23 


•89 


• 48 


1-48 


78 


•425 


24 


•911 


49 


1-5 


74 


•443 


25 


•933 


50 


1-53 


75 


•462 


26 


•954 


51 


1-56 


76 


•48 


27 


•975 


52 


1-59 


77 


•6 


28 


1^ 


53 


1-62 


78 


•517 • 


29 


1^02 


54 


1-649 


79 


•536 


30 


1^041 


55 


1-678 


80 


•555 


31 


1-063 


56 


17 


81 


•573 


32 


1-086 


. 57 


1-739 


82 


•592 


33 


1-108 


58 


1-769 


83 


•611 


34 


1-132 


59 


1-8 


84 


•681 


35 


1^155 


60 


1-833 


85 


•65 


36 


1^178 


61 


1-865 


86 


•67 


37 


1^2 


62 


1-898 


87 


•689 


38 


1^225 


63 


1-931 


88 


•708 


39 


1^25 


64 


1-965 


89 


•728 


40 


1-274 


65 


2- 


90 



goni 


al 4-6 ins. 


5 X 7i diagonal 9-0 ins. 


it 


5-3 „ 


6Jx 8J „ 10-7 „ 


It 


6-4 „ 


10 X 8 „ 12-4 „ 


it 


8-0 „ 


12 xlO „ 15-6 „ 


>> 


8-6 „ 


15 xl2 ,, 19-4 „ 



* Or diagonal. The diagonals of ordinary plates are as follows : — 

3 J X 3 J d 
3Jx4J 

4 x5 
4|x6i 

7 x5 

[2] Narrow angle, Medium angle, and Wide angle Lenses, — We 
have seen that the greater the focal length of the lens compared 
with the length of the plate the narrower the angle, and if lenses 
were made to cover plates of a certain size neither more nor less we 
could exactly classify lenses according to this proportion. But as any 
lens which will cover a large plate will cover a small one — the 
greater includes the less — and as many lenses when stopped down 
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will cover a much larger plate tlian when at full aperture, there is 
only one way in which we can call lenses wide or narrow angle. 
There are lenses which will only cover a plate at a certain narrow 
angle : stopping down does not extend their fields. They are 
rightly called narrow angle lenses. There are similarly lenses 
which will work at a very wide angle, covering a plate from corner 
to comer at an angle of 90° and more. All lenses will not do this, 
and therefore those that will are rightly called wide angle lenses. 
But here lies the curious error into which many beginners fall. 




Fig. 31. 

They seem to suppose that wideness of angle is an inherent property 
of the lens. A moment's consideration will show that by offering a 
smaller plate to the lens the result is exactly the same as though a 
"narrow angle" lens were used. Suppose we had a lens (fig. 31) 
covering at an extremely wide angle the plate A B, and suppose we 
substitute for AD a much smaller plate, CD. The angle of view 
is then only that shown on the heavy lines. 

Angle of view has a certain effect on the picture (see Chapter XII.), 
and it does not matter one iota (except so far as concerns good defi- 
nition) what lens is used — the drawing of the picture will be the 
same whether the lens appear in the maker's catalogue as narrow, 
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medium, wide angle. " Harrow angle " and " wide angle " are titles 
used by the optician to denote the maximum performance of the 
lenses, and while the narrow angle lens of the catalogue cannot 
usually act as a wide angle, the wide angle lens of the catalogue can 
always function as wide, medium or narrow angle according to the 
area of plate presented to it. 

[3] Inequality of Illumination is the defect noticed especially with 
lenses used over a wide angle whereby the parts of the plate near the 
edges are not so well lighted as the central part. It arises from two 
sets of causes, one inseparable from the lens and the other due to 

defective mounting. We will 
c^^^^^v^ take the latter first. Fig. 32 

,£ shows two ways in which this 
may take place. The bundle 
of rays of which A B is the 
chief or central ray passes 
right through the lens system, 
FiQ^ 32. but in the case of C D, which 

falls more slantwise, the out- 
side part of the pencil is cut off by the lens mount, whilst the inside 
part of the pencil, though passing through the first lens, falls on 
the interior surface of the mount. The diagram makes clear also 
how inequality of illumination from this cause is improved by a small 
stop. Imagine the central aperture reduced : it will then be seen 
that oblique rays pass through the lens system almost as readily as 
those more nearly parallel to the axis. 

Inequality of illumination arising from this cause is, of course, 
quite irregular ; it depends on the mounting of the lens. In speaking 
of it it is usual to distinguish between the angle over which the lens 
can cover without the mounting interfering and the angle at which 
the mounting is interfering as much as is possible. The next para- 
graph will explain the practical importance of these angles. 

[4] " Angle of cone outside of which aperture begins to be eclipsed," 
"Angle of cone of illumination," are terms denoting, in the first case, 
the angle over which reasonably even illumination is given ; and in 
the second, the total angle over which the lens gives definition and 
illumination of a sort. See [16], Chapter XVII. 

[5] Unavoidable Inequality of Illumination. — The other set of 
causes of inequality of illumination arises from natural laws and 
cannot be eliminated from the most perfect lens, except by added 
optical devices. Of these causes the two most important are : — 
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(1) The diaphragm aperture acts as though it were contracted in 
area when admitting oblique rays, becoming narrowed down just as 
a penny held at ann's length between the thumb and finger and 
slowly twisted round gradually passes from a disc into a rod. 

(2) The distance from diaphragm to plate is greater for oblique rays 
than for parallel rays, and hence the light is diminished according 
to the square of this distance. 

The loss of illumination due to these disturbing causes can be 
calculated, and the following figures give the illumination for rays 
making different angles with the axis, the illumination for rays 
parallel with the axis being taken as 100. (Miethe.) 



Angle of Ray to 


Illumination 


Angle of Ray to 


Illumination 


Axis of Lens. 


of Field. 


Axis of Lens. 


of Field. 


0** 


100 


30 


56 


5 


98 


35 


45 


10 


94 


40 


34 


15 


87 


45 


25 


20 


78 


50 


17 


25 


67 


55 


11 



A more practical form of expressing similar results is as follows, 
in which the figures are W. K. Burton's. 

The illumination at the centre of a 12 x 10 plate being taken as 1 
in each case, the illumination at the edge of the plate falls off with 
various lenses in the following manner ; — 

24 ins. focal length, | 

16 „„„----- ^ 

^^ » >j >> ~ " " " ■ 3" 

Angle of lOO'* | 

These figures represent a more rapid falling off than is indicated 
by the table above, wliich is drawn up on theoretical grounds and 
represents the ideal lens. The important point about both of them 
is that photographers do not generally discover the great differences 
which may strike the casual reader as here indicated. A more 
careful examination of the table will show that the illumination 
falls off slowly at first and more rapidly afterwards. At an angle 
even of 60**, which is that corresponding to a lens of about 7^ ins. 
focal length on a whole plate, the illumination falls off gradually to 
rather more than half at the extreme edges of the plates. Con- 
sidering the latitude of plates and the different illumination of 



32 THE LENS. [5 cont'd.] 

different parte of the subject phot<^raphed, it ia not surprieing that 
tliia disparity shotdd go unnoticed. At the same time, these figures 
show the best illumination possible with any lens, and as Burton's 
results show, ordinary lenses under practical teats do not come up 
to them entirely. On the other hand, when very wide angle lenses 
are used, the loss at the edges of the plate is much greater than it 
has ever been possible to ignore, and various auxiliary appliances 
have been devised to remedy it. 

[6] Equalising lUuminatum. — In order to get rid of this inequality 
of illumination, several devices have been proposed. The star 
diaphragm of Meydenhauer (see fig. 33), is made tp replace the 
ordinary diaphragm. The principle of it is evidently to cut out 
the axial rays more than the mai^nal rays. 




Fio. 83. Fio. 34. 

Dr. Adolf Miethe's compensator acts in a different way. It 
consists of a thin piano convex lens (a b c, fig. 34) of obscured glass 
cemented to a thin piano convex lens {ebd) of white glass. The 
two glasses having the same curvatures and optical constants, their 
combination acts Uke a flat glass plate. The compound lens is 
placed in front of the objective as shown in the figure, and when the 
curvature and blackness of the obscured glass are correctly adjusted, 
the central and marginal portions of the field are found to be brought 
to the same illumination. 

Da la Croupe's mechanical device of a revolving sector on the lens 
hood secures exact equality of illumination when used with a com- 
paratively small stop. The arrangement is more akin to a shutter, 
and the reader is referred to the paper on the subject by T, R. 
I^allmeyer (The PUiographie Journal, March 29th, 1898). 



CHAPTER IV. 

THE DIAPHRAGM (OR STOp) : ITS USB AND BPPBOTS, 

[1] Diaphragm and Stop. — In photography, diaphragm and stop 
are held to mean the same thing, although usually in optics the 
diaphragm is a plate with a hole in it which is the diaphragm 
aperture. In photographic lenses, the series of apertures are made 
in a rotating plate, when they are known as " rotating stops,'* or in 
separate plates which are slipped into the lens mount and are called 
Waterhouse diaphragms, after their inventor. Most usually, however, 
the diaphragm apertures are formed by a set of thin plates which 
open and close like the iris of the eye, hence " iris " diaphragms. 
The form in which the diaphragm is made does not affect its action 
on the lens. 

[2] The Diaphragm and ike Lens, — Practically every property of 
photographic lenses is more or less altered by the diaphragm; in 
most cases the action of the lens is improved. In one, however, 
the stopping down of the lens makes no difference — i.e, in the dis- 
tortion given by a single lens. In general, the effect of the diaphragm 
is to cut down the rays passing through the lens, so that the cone 
of rays reaching the plate is (1) narrower, and (2) comes mostly 
through the centre of the lens. The second result cannot be com- 
pletely realised when, as is most frequently the case, oblique or 
divergent rays are passing towards the lens. See fig. 36. 

[3] Stopping down^—Th^ most familiar example of the functions 
of the diaphragm is that which every purchaser of a camera finds 
out in a few hours, viz., that in order to get various planes equally 
into focus at the same time, the lens must be stopped down. This 
arises from the fact that no lens gives an image of geometrical points. 
The lens image is made up of circles, and these circles may vary in 
size in parts of the image within certain limits, and yet give a picture 
which is to all intents and purposes sharp all over. This power 
arises, not from the excellence of any lens or type of lens, but from 
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the varying inability of the human eye to distinguish critically sharp 
definition. It is thus impossible to treat these subjects of depth of 



PARALia 




AXIAL RAYS 



Fig. 35. — Showing the effect of " stopping down " on a pencil of rays coming 

through the centre of the lens. 

focus and depth of field by any fixed rule, but Chapter V. gives the 
gist^of the matter. Focussing several planes at one time is just a 
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Fig. 36. — Showing effect of ** stopping down" on oblique parallel rays ; the 
pencil which passes is not confined to the centre of the lens. 

matter of getting the pencil of rays which reaches the plate narrowed 
down. The images of objects which are nearer to the camera are 




RAYS 



Fig. 37.— Showing how ** stopping down " enables near and distant objects 

to be focussed simultaneously. 

brought to a focus behind the focus for parallel rays (see [11], 
Chapter II.). If the pencil of rays in each case is narrow, it is 
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possible to get the images of objects both near and distant reasonably 
«harp in the same plane ; whilst if the pencil were broad (and there- 
fore more strongly converging), it would be impossible. 

[4] Small Stop and Ahei-ration, — The reader of Chapters VI, and 
VII. will see that a small diaphragm improves definition which is 
defective from whatever aberration. 

In the case of chromatic aberration the narrowed pencil of rays 
restricts the foggy zones which are caused by uncombined rays. 

Spherical aberration (see Chapter VI.) is improved or altogether 
removed by stopping down. 

Curvature of field and astigmatism are likewise reduced when the 
lens is stopped down. 

[6] The Diaphragm and Exposure, Rapidity, — The smaller the 
«top which is inserted in a lens the less the light admitted and there- 
fore the longer exposure required. A photographer must know the 
relative exposure required for each of his set of stops, and therefore 
some system of marking them must be adopted. We might simply 
mark them with numbers representing the area or the diameter. If 
we do the latter we must recollect that the area of a circle is pro- 
portional to the square of the diameter {i.e. to the diameter multiplied 
by itself). If we had a series of holes 1 inch, \ and \ and \ inch in 
"diameter, the areas would be in the proportion of 1, |, y^ ^^^ irf> 
thus : — 

Holes (diameter) " " " ^ J i i 

Areas proportional to - - - 1 i tV T¥ 

But if we mark only area or diameter on a stop it tells us nothing, 
because we are leaving out the question of the focal length of the 
lens ; our numbers would be useful so far as that particular lens was 
-concerned, but would not be comparable with any lens of a ditferent 
focal length. This is because the light admitted by the diaphragm is 
diminished in intensity in proportion to the distance between stop 
^nd plate. This diminution takes place in proportion to the square 
of the distance. A stop placed in front of a lens of 8 ins. focal 
length gives an intensity of light four times that produced by sub- 
stituting a lens of 16 ins. focal length : the same amount of light 
passes through the diaphragm in each case, but in the second case a 
picture twice the size (or four times the area) is produced. 

We can combine these two facts — variation of exposure with (1) 
focal length of lens and (2) diameter of aperture — into one number. 
Most beginners find this a very difficult point to understand. There- 
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fore we may venture to express the facts a little loosely in order to 
familiarise the idea. 

We have just seen that a lens of great focal length must have a 
larger aperture than one of less focal length in order to give the same 
intensity of light. That is quite true. However great a focal length 
a lens may have, we can get any given intensity simply by making 
the aperture big enough. Therefore it is easy to look upon the con- 
dition which determines the exposure we must give as the proportion 
the aperture bears to the lens. 

The fewer times the diameter of the aperture will divide into the focal 
length of the lens, the less exposure ; the more times, the longer the 
exposure. We may represent this condition thus : — 

TT- • J i. • J V. Focal length 
Exposure is determined by -— — 2 . 

Diameter of aperture 

Now this expression ijicludes both focal length and aperture, and 
is therefore true for one lens as much as for another of quite diflferent 







FOCAL LENGTH 



Eaposuri^mnesas't^^£ia/i^i^fl!^si/ts&znee ^ecoi^ 
OTfaofa curie ispn^parlk^/uUi^ fy^AS^aan^of^du^/nel^f 

Fio. 38. — Diagrammatic rule of the relation of diaphragm-aperture and focal 

length to exposure. 

focal length. Opticians have devised many modifications or elabora- 
tions of this method, but they are all identical in taking the ratio of 
focal length to aperture as their basis. 

Although this ratio determines the exposure, the figure obtained by 
dividing the focal length of the lens by the diameter is not directly 
proportional to the exposure, because tihe exposure varies as the square 
of the focal length and inversely as the square of the diameter of the 
aperture. Both of these factors are included when we use the square 
of the ratio. 

Exposure is proportional to — 

/ Focal length V . / Focal length x focal length \ 
\ Diameter of aperture/ ' \ Aperture diam. x aperture diam. / 
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The student who will work out the following example will have 
mastered the elements of the subject. Three lenses have focal lengths 
and apertures as follows : — 12 ins. and ^ inch ; 6 ins. and J inch ; 
8 ins. and J inch. Show by applying the rules of (1) diminution 
of light and (2) relation of area of circle to diameter that all require 
the same exposure. 

Answer, — (1) Exposures vary : 

(1) As squares of focal lengths. 
Therefore relative exposures are — 

12x12 6x6 8x8 

i.e. as 144 36 64 

(2) Inversely : as squares of diameter of stops. 
Therefore relative exposures are — 

4 16 9 

Combining (1) with (2) we get — 

144x4 36x16 64x9 

or 576 576 576 

[6] Focal Aperture. — The more convenient way to make this calcu- 
lation is according to the well known rule — Divide focal length by 
diameter of aperture ; this gives us the . " focal aperture " of the lens. 
The exposures are proportional to the squares of these focal apertures. 
A glance at the focal lengths and apertures shows us that the three 
lenses all work at what is called /24 (see later), but it is well to bear 
in mind the dissected example, because it brings into equal pro- 
minence what is often entirely ignored, viz., that exposure varies as 
the square of the focal length. Though this is of little importance in 
landscape work where the lens is usually used at its equivalent focal 
length, it cannot be neglected in copying or in other cases in which 
the camera is extended to get near objects into focus. In these cases 
the exposure must be increased in the proportion of the square of 
the increased focal length to the square of the original focal length. 
Thus if a lens of 10 ins. focal length is used so that its focal length is 
extended to 12 ins., the exposure must be increased in the proportion 
of (12)2 . (10)2 — (q^ ijj ^Y^Q proportion of 144 to 100, i,e, about 1 J times 
as much. If one is copying a diagram same size so that the camera 
is extended to double the focal length (see [13], "Conjugate Foci," 
Chapter II.), exposure must be four times. The student should bear 
these facts in mind and remember that the numbers with which a lens 
is marked wrongly indicate the working aperture whenever the lens is 
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used appreciably furlher from tlie plate than when it ia defining 
objects at an infinite distance. It ia therefore an advantage to know 
the actual diameters of the various apertures which, divided by the 
focal length actually employed, give the aperture ratios (/ numbers) 
of the stopa, which are correct under the special conditions ; or 
the numbers (/16, etc.) on the lens mount can be multiplied by the 
extended focal length and divided by the equivalent focal length. 

Having thus explained the two factors involved in expressing the 
aperture of the diaphragm and why it is necessary to square the ratio 
^ when calculating relative exposures, we can now pass to consider 

the various ways in which opticians mark their lenses, 

[7] F Numbere (/8, /16, etc.) are fortunately the most general 

figures. They are simply the ratio -r- which we have just explained. 

Thus to find the number of any stops, divide the focal length of the 
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lens by the diameter of the aperture. This ia accurate in the case of 
single lenses, but not when a converging lens is in front of the stops. 
In the fonner case the rays fall directly on to the aperture, and the area 
of the aperture is the total illuminating surface, but a converging lens 
concentrates the light which falls upon its front surface and sends on 
a cone of rays to the dia]>hragm. The sectional area of the diaphmgm, 
d d\ flg. 39, is a little less than the effective aperture of the lens, 
the diameter of which is a b. This point is of some considerable 
importance when lenses of large apertures are concerned. In order 
to get the real aperture several methods can be followed. 

(1) Focus the camera on an infinitely distant object and replace the 
focussing screen by a piece of cardboard with a pinhole in the 
centre. This is conveniently carried in a dark slide, the two shutters 
being withdrawn. Bring into the dark room and place a lighted 
candle behind the hole. This being at the equivalent focus of 
the lens, the rays which reach the front surface of the front lena are 
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parallel and form a disc which is the true aperture of the diaphragm. 
The diameter of the disc can be measured with a pair of dividers, 
the glass being breathed upon to make the image visible ; or a bit of 
ground glass may be placed against the lens hood : or a piece of 
bromide paper may be fitted in the lens cap, exposed to a little mag- 
nesium ribbon (burnt outside the pinhole), and afterwards developed. 
[8] In figuHng vdth F numbers, the system of marking lenses is 
simple and direct, but it has the disadvantage that the exposures 

//\2 f 

are proportional to ( ^ 1 and not to ^. Therefore opticians make 

it a custom to adjust the diameters of the stop so that each requires 
twice the exposure of the preceding one, the diameters being made 
proportional to the square roots of the numbers 1, 2, 4, 8, 16, 32, 64, — 
i,e, to 1, 1*41, 2, 2*83, 4, 5*65, 8. The series of stops are thus as 
follows:— /3-16,/5-66,/8,/ll*3, /1 6, /22-6, /32, /45, /64, and the 
only thing the beginner must bear in mind is that exposures are not 
proportional to the numbers. Thus /1 6 requires four times the 
exposure of /8, because 16 x 16 is four times 8x8; but remembering 
the rule that any stop requires double the exposure of the preceding 
and half that of the succeeding, it is difficult to go wrong. 

[9] Othei* Systems of murking Diaphragms, — The Royal Photo- 
graphic Society called an aperture of diameter one fourth the focal 
length (/4), No. 1 ; No. 2 is an aperture of twice the area — i.e. 1*4 
times the diameter (i.e. 11*4); No. 4 has an aperture one eighth 
the focal length (/8), and so on, the numbers representing relative 
exposures. This is known as the U.S. (uniform system). This system 
is now (1902) as good as obsolete. 

Many French lenses are marked according to the method of the 
Paris Congress of 1889. FIO is taken as the unit aperture, the series 
advancing in the same way as the U.S. Thus /1 4, which requires 
twice the exposure of /lO, is 2 ; /20 is 4. 

J. R. Dallmeyer introduced a system in which /3*16 (i.e. f ^ 10) 
is the unit, the succeeding numbers being proportional to the ex- 
posures required. No. 2 is /4*47, No. 4 is /6*32, but Dallmeyer's 
lenses are now marked according to the / notation. 

C. P. Goerz likewise makes /3'16 his unit, but marks his stops 
with figures which work out to different stops. 

Voigtlander again chooses the /3*16 unit with still other actual 
apertures. 

Carl Zeiss originally selected /1 00 as the unit, the lenses of larger 
aperture receiving the smaller numbers. No. 1 is thus /1 80; No. 2, 
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requiring half the exposure, /71, and so on ; afterwards, however, 
/50 has been taken as the unit. Hence No. 7 is now /50, No. 2, /36, 
and so on. 

[10] Rapidity. — The rapidity of a lens depends upon (1) and 
mainly, the aperture (/ ratio) at which it works, (2) the thickness 
and color of the glass, and (3) the number of reflecting surfaces. 
. No. 1 is most important, because it may vary within extremely wide 
limits, but nevertheless follows a certain simple rule ; (2) and (3) are 
factors which do not lend themselves to calculation ; moreover, they 
vary only to a slight extent in commercial lenses. At the same time 
it is not correct to suppose that the thickness and the color of the 
glass and the number of reflecting surfaces may therefore be entirely 
ignored. The generalisation that all lenses working at /1 6 are of the 
same rapidity is only approximately true, though doubtless true 
enough, in 999 cases out of a thousand. Still, careful workers know 
otherwise, and in their Actinograph Messrs. Hurter & Driffield include 
an auxiliary scale providing for single lenses, doublets and triplets, the 
loss of light from the several surfaces being considered appreciable 
by them. But for ordinary practical purposes an aperture of /1 6 
will be as rapid whatever the lens, and it is only in maximum rapidity 
— the largest stop with which the lens will work satisfactorily — that 
lenses differ greatly. Portrait lenses which work at /3 or /4 are 
the most rapid : then follow the newest of the anastigmats, such as 
the Planar, with the aperture of /4'5 ; then other anastigmats working 
at /6, then rapid rectilinears (so called) of the days before Jena 
glass which work at fS; view lenses have a maximum rapidity of 
/1 2, and older wide angle lenses of /1 6. 

Defects dub to the Diaphragm. 

[11] Distortion. — When a straight line is photographed with a single 
lens having a stop in front of it, it is bowed out as shown in fig. 42, if 
it falls near the edge of the plate. If the stop is behind, it is bowed 
inwards. If the line falls at the middle of the plate (fig. 43) there is 
no distortion. This defect, which is not of great account except when 
the lens is to be used for copying, is due to the fact that the passage 
of the rays through the diaphragm, whether it be in front of or 
behind the lens, has the effect of causing the edges of the lens to foimi 
the edges of the picture, and the centre of the lens the centre of the 
picture. This will be seen from the figures. R R R (figs. 40 and 41) 
are parallel rays coming from the edge of the objects. In both cases 
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(diaphragm in front of, and behind, the lens) only the edges of the 
lens come into use in forming the image from these rays : the 
diaphragm in fig. 40 shielding the centre of the lens, and in fig. 41 
cutting out those rays which have passed through the centre. Now 
we know that the edges of a lens bend rays more than does the 
central part, and this fact explains why in fig. 40 we have the 
marginal parts of the image brought further in, thus producing the 
well known barrel distortion, and in fig. 41 thrown further away 
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from the centre of the field, thus producing the so-called pincushion 
distortion. Loosely expressed, the condition shown in fig. 40 is 
as though we were using lenses of shorter and shorter focus as we 
pass from the centre of the plate to the edges, and in fig. 41 as 
though we were gradually increasing the focal length of the lens 
Tmder the same circumstances. The diagrams show how it is that 




Fig. 41. 

the distortion increases as the distance of the stop from the lens is 
increased. 

The reader will judge from the figs. 42 and 43 that the eflfects of 
distortion are not very serious. For landscape and portrait work 
they are neghgible ; in architecture they may interfere ; in copying, 
they are prohibitive. 

The practical moral is that the disadvantage of single lenses, so far 
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as concerns distortion, is, to all intents and purposes, nil, unless one 
is reproducing plans and drawinga, or photographing architecture with 
a single lens of fairly short focal length. With a single lens of 
greater focal length, use<l on a relatively small plate (i.e. when a com- 



paratively narrow angle is included), the effects of distortion are still 
further diminished, because in this case we do not approach the 
edges of the lens' field. In fact, single lenses have been used in 
some most successful architectural interior work. 



[12] Flare Spot— When using a lens at small aperture on a 
brightly lighted landscape you have no doubt got a result something 
like fig. 44. This is flare spot, and it is caused by light reflected from 
the lens as distinguished from light refracted by the lens. As we 
pointed out in Chapter I,, all objects reflect some light, and the 
way in which this rp.flected light causes flare spot will be understood 
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from fig. 45 : A B are the two surfaces of a lens, and S the diaphragm. 
When the light falls on surface A, most of it is refracted to the 
focus F : part is reflected by the surface and never reaches the plate ; 
part is refracted back into the lens and is reflected by B back to A, 
where it divides into two further subdivisions. One is reflected by A 
and forms an image of the point from which the rays first came at p ; 
the other comes to a focus at F, where its rays cross and produce a 
disc which is the image of the diaphragm. As the figure shows, the 
size of the flare spot depends on the diameter of the diaphragm, and 
the position of F on the distance of the diaphragm from the lens. 
Hence a very small alteration in the position of the diaphragm can 
remove the flare spot by bringing F so much closer to the lens that 
the image, greatly diminished in intensity, is spread over the whole 
plate. Flare spot occurs with large apertures as with small, but 
practically only the latter show it, for the reason that the longer 
exposure gives th^ flare spot image (which is just as bright whatever 
stop is used) time to affect the plate more strongly. See also pages 
90 and 167. 



CHAPTER V. 

DEPTH OF FOCUS. DEPTH OP FIELD. FIXED FOCUS. 

[1] Ch^eat confusion exists in the use of these terms. We will 
therefore explain what practical meaning we can attach to the terms. 
Let us first give some rough practical definitions and qualify them 
afterwards. 

Depth of Focus is the distance the ground glass can be moved 
to and fro without any single object becoming visibly unsharp. As 
every photographer knows, this permissible racking increases as the 
lens is stopped down. " Depth of focus " in this sense is evidently 
measured in most cases by a distance ranging from a fraction of an 
inch to, at the most, a few inches. 

[2] Hyjper-focal Distance, — Suppose a lens focussed on an object a 
great way off— t.e. an object the rays from which are parallel when 
they reach the lens. Other objects nearer to the lens will also appear 
fairly sharp. The distance of the nearest of these objects from the 
lens is the hyper-focal distance^ which in ordinary cases is some 
fifty times or so the focal length of the lens. 

[3] Depth of Field is the distance between two objects lying at 
different distances in a straight line from the lens. Unlike " depth 
of focus" it amounts to feet instead of inches, in ordinary cases. 
Depth of field is called depth of focus by many photographers. We 
can now define more exactly what we mean by these three things and 
see what they depend upon. 

[4] Depth of Focus, — Under "circle of confusion" we saw that 
there is no hard and fast distinction between sharpness and unsharp- 
ness, but that for convenience an arbitrary standard of sharpness 
has been adopted by a circle of confusion of yj^ of an inch in dia- 
meter ([5], Chapter I.). If we approach the ** depth of focus" of a 
lens by way of the pinhole we shall get a clear notion of what it is. 

A pinhole of y^^ of an inch diameter forms an image of a distant 
scene in circles of this diameter. Evidently, however, if the plate be 

45 
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moved towards or away from the pinhole the circles making up the 
image will always be the same size. In other words, the pinhole has 
immense depth of focus. But it is not so with a leoa, because here 
the bundles of rays reaching the plate ate convergent and the plate 
may receive an unaharp image according as it is in front of or behind 
the focal plane (a and b in iig. 46). But by inserting a small dia- 
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phragm we may narrow down the beam of light so that the diameter 
of the beam is no greater than ^J^ of an inch at a or b. When this 
is the case the depth of focus of the lens is the distance from a to b. 
Fig. 47 shows that the depth of focus increases with the focal lei^th 
but decreases as the aperture becomes larger, which means, of course. 




that depth of focus is fixed by the " workii^ aperture." It does not 
follow from this that the depth of focus of every lens that works at 
/8 is therefore precisely the same. This would be true if all lenses had 
the same kind of field. But they have not, and as we form our 
pictures all over the plate and not merely at the nt tl pra tieal 
difference is often very great. In the case of a 1 n th a urved 
field the depth of focus gets less towards the edg f th h Id. An- 
other fact, too, may mislead : an inferior lens may m t ha much 
greater depth of focus than one which is bette mply b an the 
first does not give a sharp image in any position of the ground glass. 
A lens which gives critical definition in one plane has to stand a severer 
test than one which has a certain amount of spherical aberration, 
[5] Fixed iifaciw. —The distance from the camera at which objects 
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can be sharply focussed when the lens is set for distant objects is 
what most workers have in mind when speaking of " fixed focus." 
Certain cameras enable much closer objects to be focussed than do 
others. In other words, the hyper-focal distance (which is a more 
appropriate expression than " fixed focus ") is less. It is " the 
distance from the camera to which an object, which has been 
sharply focussed when at an infinite distance, can be brought with- 
out becoming visibly unsharp." It depends on the focal length of 
the lens, the stop used, and the size of the disc of confusion which 
the operator is prepared to allow. We assume the conventional Yujy 
of an inch mentioned above merely because we can then show how 
the hyper-focal distance is calculated. We will first show how a 
practical rule which can be applied by ordinary arithmetic can be 




Fig. 48. 



deduced from first principles. In fig. 48 let the parallel rays from 
an object at an infinite distance be brought to a focus at /. Then /Ng 
is the focal length of the lens. Suppose now that P represents the 
point to which this object can be brought such that its focus is Q but 
that the disc of confusion which is produced through it being focussed 
in the plane of / is just yj^ of an inch in diameter — i.e. a& = xj^ of 
an inch and f(i = -^jj of an inch. Q is the point at which the rays 
from P come to a focus, so that P Nj and Q Ng are conjugate focal 
distances. Let us call P Nj, u and Q/, x. If we call the diameter 
of the stop d^ we may represent this in the diagram by calling 
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Now because P and Q are conjugate foci 

1 _L _ JL 

which is the same thing a^ 

1 1 1 F+x-Y X 



M "" F F + a; "" F(F + a;) ~ F(F + a;) 

Y + x 



u = Y 



X 



But as we showed above, 
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This gives us the answer, viz., that hyper-focal distance is equal to 

focal length x diameter of stop 
diameter of circle of confusion * 

We can express this in a more convenient way. The working 
aperture-ratio of a lens (/8, /II, etc.) which we will call r (e.g, /8,/ll, 
fn) is 

F 

.-. d =• — . 
r 

YxY 

Therefore in formula, hyper- focal distance = — j for standard 

circle of confusion : or in words, multiply the focal length by itself, 
then by 100, and divide the result by the / number, and by 12 to 
bring it to feet. 

Example. — Kequired hyper-focal distance of 4-inch lens at/ 16. 

4 X 4 X TOO Q f. A ' 

-- - — ^ -- = 8 ft. 4 ms. 

16x12 

The practical importance of these calculations is that if we set a 
lens in focus for the distance in the landscape, the nearness to the 
camera of objects which we can still get in focus is determined (1) by 
the focal length of the lens— the shorter the focal length, the nearer 
the object may be ; and (2) by the diameter of the stop : the smaller 
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the stop, the nearer the object may be. These are facts of special 
importance to hand camera workers. 

The following table gives the hyper-focal distances for various 
focal distances and apertures. 

Table of Distances at and beyond which all objects are in focus and may 

be considered as situated in one plane. 



Focal length 

of lens in 

inches. 



Diaphragm Apertures. {F Nos. ) 
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Number of feet distant after which all is in focus. 
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71 
75 
79 
83 



23 
25 
28 
29 
32 
34 
37 
39 
42 
45 
48 
51 
56 
57 
61 
65 
68 
72 
75 



9 
10 
11 
12 
14 
15 
17 
18 
20 
22 
23 
25 
27 
29 
31 
33 
36 
37 
40 
42 
45 
47 
50 
52 
55 



8 
10 
11 
12 
13 
14 
15 
17 
19 
20 
22 
24 
25 
27 
29 
31 
32 
35 
38 
39 
42 
45 
47 
50 
52 



7 

8 

H 

m 

124 

134 

15 

16 

174 
19 

20 

22 

24 

25 

28 

29 

30 

32 

34 

35 

37 

39 

42 



6 

7 

74 
84 
94 

104 
114 

13 
14 
15 
16 
17 
18 
20 
21 
22 
24 
26 
27 
29 
31 
32 
34 
36 
38 



4 
6 

54 
6 

64 
7 

74 
84 

9 
10 
11 
12 
124 
134 

144 
154 
16 

174 
19 

20 

21 

22 

24 

25 

26 



3 I 2 

34; 24 



4 
5 

54 

64 

6 

64 

7 

74 
8 

84 
9 

10 

104 

11 

12 

124 

134 

14 

15 

16 

17 

18 

19 



3 
3 

84 

H 
4 

4 

44 
5 

54 
6 

6 

?* 

74 

8 

84 
9 

10 

104 

11 

12 

124 
13 



[6] Depth of Field is allied to the question of hyper-focal distance, 
and is what is meant by most photographers when they talk about 
** depth of focus." Suppose we focus on some object, A, at a certain 
distance — not very great — from the camera, we know that we shall 
get objects nearer and more remote than a, also reasonably sharply 
defined. Theoretically, as we know, this is impossible : practically, 
as we have seen, it is the prevailing condition in camera work. If 

4 
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we get, say, two objects, B and C, on either side of A approximately 
sharp, the distance between B and C is the depth of field. 

Depth of field 



Lens . . . . B A C 

By a geometrical construction somewhat similar to that employed 
under hyper-focal distance we can show that there exists a certain 
relation between the distance of A from the lens (which we will 
call a) and the distances of B and C from the lens (which we will 
call b and c). This relation is 

hxa 



b = 



c = 



h + a' 
hxa 



where h is the hyper-focal distance for the lens and stop in use. 
The distance c-b is evidently the depth of field, and is equal to 

hxa hxa 2h a^ 
h-a h -i-a h^ -a^ 

[7] Depth of Foctts at close quarters. — These formulae hold good 
only when the focal length of the lens is small in comparison with a, 
say when equal to one-twentieth or one-fiftieth of a. In order to 
calculate depth of field for objects nearer to the camera the following 
more accurate formulae are to be used : — 



b (distance of nearer object B) = 



c (distance of further object C) = 



hxa 
h + {a-fy 

hxc 



h'{a+f)' 

f being the focal length of the lens in each case. 

[8] Examples of Depth of Focus, — In order to explain in figures 
and diagrams what these formulae mean we will work out four 
examples. They involve only simple arithmetic, and the reader who 
will carefully follow them will be well on the road towards mastering 
" depth of focus." 

Problem I. — Suppose with lens of 5 ins. focal length working 
at /6 we focus sharply on an object. A, 9 ft. away. To find the 
distances from the camera of objects before and behind A which 
wiU be reasonably sharp — 

Hyper-focal distance for 6 -inch lens at/6 equals 35 ft. 



= 7 ft. (and 2J ins.). 
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Therefore distance of nearer object (B) is 

35x 9 _ 315 
35 + 9 "" 44 

Distance of further object is 

35x9 _ 315 
35-9 ■" 6 

Therefore depth of field is 5 ft. 

Problem II. — With same lens and aperture as before suppose we 
focus on an object, A, 20 ft. away. To find distances from camera 
of objects before and behind A which will be reasonably sharp. 

As before, hyper-focal distance is 35 ft. 

Distance of nearer object is 



« 12 ft. (and 1 in.). 



35x20 ^ 700 
35 + 20 "" 55 

Distance of further object is 

35x20 _ 700 
35-20 "" 15 



12-7, say 12 J ft. 



= 46Jft. 



Therefore depth of field is 34 ft. 

Problems III. and IV. — Suppose with a lens of 10 ins. focal 
length working at /6 we focus sharply on an object (III.) 9 ft. 
away and (IV.) 20 ft. away. To find distances from camera, of 
objects before and behind A, which in each case will be reasonably 
sharp. Hyper-focal distance is 140 ft. 

III. — Here focal length is not small compared with the distance 
of the object — it is only ^^ of the distance — so we must use the more 
accurate formulae. 

Therefore distance of nearer object is 

140x9x12 ft. 



140x12 + (108 -10) 

Distance of further object is 

140x9x12 



= 8 ft. 6. 



140x12 -(108 -10) 

Depth of field is therefore 2 ft. 2. 

rV. — Distance of nearer object is 

140 X 20 __ 2800 
140 + 20 " 160 



= 10 ft. 8. 



= 17^ ft. 
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Dietance of further olrject is 
140 X 20 2800 „„. „ , 

I40::20 - 120 = ^^* ^*- '"^^^• 

Therefore depth of field is 6 ft. 

approximately. 

Let us tabulate theae results. 



DiBtance of 

object fociwstd. 


S-inch UoB 
it/0. 


lO-inch leuo 
atA 


9ft. 
20 ft. 


Deptb of Field. 


6 ft. 
34 ft. 


2 ft. 2 ina. 
a ft. 



In fig. 49 we show these results 
diogrammatically. The black bands 
show the depth of field when the 
; lens is focusaed on points 9 ft. (I. or 
I III.) or 20 ft. (II. and IV.) distant. 
'• Comparing I. and II., we see how 
depth of field diminiehes as the object 
focusaed approaches the camera. Com- 
paring I. and III. and II. and IV. 
we see the relative depths of field. 

[9] Depth of Field applied when 
an object at the same distance is 
focusaed into lenses of different focal 
length. These diagrams explain what 
so many beginners find a great diffi- 
culty in understanding — why a lens 
of short focal lei^th makes hand- 
camera work easier than when one 
of great focal length ia used. The 
field in which different objects might 
be placed and yet appear sharp is 
much greater in the caae of lensea of 
abort focus, even when the diatancea 
of the object in the two cases are audi 
that the same size of image results. 
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Size of image is proportional tx) focal length, but depth of field increases 
as the focal length is diminished, and not in a direct proportion but in 
a constantly increasing ratio. The reader will thus see that depth of 
field is dependent on focal length and working aperture — the two 
factors which determine hyper-focal, distance — and also on the distance 
of the objects focussed from the camera. ' 

For work in which focussing is done by scale it is sometimes useful 
to have a table of depths of field worked out for the particular lens 
and stop one is using, and for the various distances from the camera of 
the most sharply defined object. 

A table calculated by the simple method instanced above is 
sufficiently accurate for the obviously rough and ready estimation of 
distances. 

Table op Depths op Field for lens of 5 ins. focal length, 
calculated on the basis of a disc of confusion of ^hr^ of an inch. 



^6. 




FS. 




FU. 


FIQ. 


b a c 


b 


a c 


b 


a c 


b a 


6 




6 




6 


6 


8 




8 




8 


8 


10 




10 




10 


10 


15 




15 




15 


15 


25 




25 




25 


25 


30 




30 




30 


30 



In compiling such a table for himself the possessor of a hand 
camera would of course insert the figures marked on his focussing 
scale under a and calculate the distances b and e from them. 



CHAPTER VI. 

8PHBRICAL ABBBRATION. ASTiaUATISH. COHA. CURTATDRX OF FIELD. 

[1] Spkerieal Aberration. — In the preceding diagrams we have shown 
rays passing through the centre and through the margins of the 
lens, as coming to a focus at the same point {e.g. fig. 19). But 
really a lens with spherical surfaces will not do this accurately. It 
bends the rays passing through the margins more than those passing 
through the centre — i.e. the focus (B) of the marginal rays (fig. 50) is 
nearer the lens than the focus (A) of the axial r;ays. This means that 
when we place ground glass at B we get a fuzzy image due to the Still 
convergiug axial rays, and if we place it at A we get a fuzzy image 




Fio. 50. Fig, 61. 

due to the axial rays which crossed at B. Figs. 52 and 53 show that 
this explanation of spherical aberration is correct. 

Fig. 62 was taken with a lens in which the ring shown in fig. 61 
was fixed, only the axiai rays thus forming the image. 

Fig. 53 was taken without the focus being at all altered, but the 
ring was replaced by a disc (fig. 51) which permitted only marginal 
rays to pass. Result, a fuzzy image. This teaches us two things : — 
(1) That we may get rid of spherical aberration by stopping down the 
lens. As seen in &g. 50 the stop S cuts out the mai^inal rays and 
allows only the central rays to pass. (2) That if our lens suffers from 
spherical aberration we must focus with the stop which we are going 
to use. If we focus with a large aperture we may get the image from 
the ma^inal rays, and on stopping down and cutting these of^ obtain 
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a fuzzy imt^ from tlie ceatral rays. A lens vhich at large apertnn 
is free from spherical aberration is called " aplanatic." 

Spherical aberration is minimiaeii by the optician by balancing it 
with negative spherical aberration. The lens to be corrected is com- 
bined with one which bends the central taya more than the marginal. 
The choice of suitable curves'^ enables this to be done. Spherical 
aberration depends to a sli^t extent on other things than the curres 
of the glasses : it varies with the refractive index of the glass and 



Fio. 62, Yi.;. 53. 

with the color of the light See Courail IJoel;, Joat-nal of the Hodety 
of AHs, Feb. 2nd, 1889. 

[2] Astigmatism. — When rays fall upon the lens not parallel with 
the axis, aa in fig. 35, but obliquely to the lens, as in fig. 36, this defect 
is hable to occur. Practically ast^;matism means the inability of a 
lens to give, near the edge of the plate, an image of an object con- 
taining horizontal and vertical hnes in which both are sharp at the 
same time. Either the horizontal lines will be sharp and the vertical 
fuzzy {fig. 54), or vies versa (fig. 55). These are taken with an ordinary 
cheap wide angle lens; fig. 55 with a high grade anastigmat; all 
are enlarged. It is easier to show what astigmatism is, than to explain 
why it is. 
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Of the varioua attempts at making the matter clear none is so 
admirable as Professor Dr. Miethe's, which we quote here from his 
Photographitche Optik : — 

"Imagine ^g,y g' {fig. 57) to represent a lena in perspective. 
p p' and q q are its two diameters : p p' is supposed to lie in the 
plane of this printed p^e, q q lies iu a plane perpendicular to it, i.e. 
<l is supposed to be nearer to the reader and q further away behind 
pp'. (See fig. 57.) The curved lines dotted oii the underside show 
the sections of the lens at its two diameters. Inagine now a few 
rays h, a, a', a", &", falling on the lens from a point at an infinite 
distance and situated to the right of the centre of the lens so that 
the rays faU slantwise all over the surface of the lens and give an 
image somewhere towards the left hand edge of the plate. We are 
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going to see how it is that this point appears as a short horizontal 
bar in one position of the plate and as a similar vertical bar in an- 
other. We take the rays h, a' and b" as typical of rays falling across 
the diameter of the lens and in the plane of the page, and call them 
'rays in the perpendicular plane,' and a a" as rays in a plane oblique 
to the plane ^y.p'g' of the lens. We call these 'rays of the oblique 
plane.' Tlie ray a' passing through the centre of lens, and which we 
call the principal ray, belongs to both sets. Fig. 58 shows the two 
perpendicular planes containing these rays. 

"Kow, construction or calculation will show us that the focus of 
the rays in the perpendicular plane is not the same as that of rays 
of the oblique plane. This is because the action of the lens on 
the obhque rays occurs in two distinct pliases; first, the bending 
of the plane of the rays at the surface of the lens, and secondly, 
the bringing to a focus of the rays in the plane, after bending. 
In the case of the rays of the normal plane these two effects take 
place in tlie same plane, but the two phases take place in different 
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planes perpendicular to each other, and are independent of each 
oth^. 

"Take / for the focua of rays of the nonnal plane, and/ for 
that of rays of the oblique plane. In fig, 67 we see that the rays 
b and b', as well as all intermediate rays, convei^e at /, whilst 
rays a and a" pass outside this focus and meet /. If therefore 
we intercept the oblique rays at / we get a section which is a 
straight line, ee', perpendicular to this page, so that if we place 




the ground glass at / we get — not a luminous point — but a-line 
perpendicular to that joining the centre of the ground glass and the 
point/. 

"But we see from the fig. 58 that if we place the ground glass at 
f — i.e. at the focus of the oblique rays — the normal rays which have 
divei^ed after passing through the focus / form a luminous line 
parallel to p p', and therefore lying in the plane of this page. This 
means, of course, that our point appears as a line parallel to the line 
joining / to the centre of the ground glass. If we take points 
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between these two positions we get a series of images of a bright 
point such as is shown in fig. 59." 

Astigmatism does not exist at the centre of the field. It in- 
creases as we pass to the margins, and it is possible to draw a curve 
(of minimum astigmatism) which shows the kind of field given 
by a lens. 

[3] Ckmta is a defect somewhat resembling astigmatism in its 
results. Only single lenses and portrait lenses are liable to it. It 
arises from a kind of spherical aberration (see above) which will be 
best understood if we quote again from Professor Mietl^e: — 

" In order to get an idea of how coma is caused let us consider 
the case of a bundle of converging rays falling on the plate of glass 
in fig. 60. Their inclination is such that if the plate were not there 
they would meet at /. Owing to the interposition of the glass the 




< I 



Fig. 59. 

rays are bent at the points a' b' d and d\ but they do not meet 
at the point /' as they would do were the plate thick enough. 
On the contrary, the focus of two neighboring rays differs from 
that of the next pair of rays. This is a phenomenon which can be 
proved by construction when the rays are sufficiently oblique and 
the index of refraction is high enough. The same thing happens 
at the second surface of the plate, so that the rays a and h meet 
at f^ b and c at /'\ and c and d at /"". If we place a ground 
glass at f" we see a luminous image which spreads leftwards from 
/" in the shape of a comet, the brightness of which decreases as 
it is distant from /"; this decrease being, of course, due to the 
spreading out of the other rays which have passed through their 
foci. 

"Coma is produced in lenses in a similar way. Thus, jf' (fig. 61) 
being the optical axis of the lens, the parallel rays falling upon the 
lens do not come to a single point on the other side : a and b meet 
at jp, be at p\ c and d at p'\ and d and e at p"\ 

" If / is the focus of axial rays, we shall obtain a sharp image at 
the edge of the field only by cutting off the rays forming the coma. 
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If we place a diaphragm 9 ^ in front of the lenB, only the rays 
between d and e can reach the lens. The coma therefore dieappears, 
since these rays practically come to a focus at p'". If we place 
the diaphragm nearer to the lens (rr') this focus will be p' and the 
coma will in like manner disappear. Moreover, p" being in the focal 
plane the field of definition becomes flat. It will thus be under- 
stood how this fact determines the position of the diaphragm in 
simple landscape lenses ; and also that the coma is only com- 
pletely eliminated by the diaphragm when the latter is very small. 



Other things remaining tlie same, coma increases with the obliquity 
of the luminous pencil and disappears entirely at the centre of 
the field." 

A number of means of diminishing or entirely removing coma exist 
in addition to the diaphr^m which we have just mentioned, and 
which occasions such a great loss of light. 

In simple landscape lenses it is only possible to entirely remove 
the coma at the expense of the correction of astigmatism or of flatness 
of field. In practice both coma and ast^;matism are eliminated at 
the same time by choice of suitable gletsses and curves, a medium 
diaphragm being retained in the lens. 
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Coma is always accompanied hj asti^atism, so that much bad 
definition is due to both of these causes. 

[4] Cui-vature of field is a very undesirable quality. Some lenses 
have the saucei-shaped field shown in fig. 62, others a convex field. 
The result is that it is impossible to obtain an image of a flat object 
in focus at the centre and edges of the field at the same time. In 



the case of double lenses curvature of the field la] reduced by 
separating the lenses, but when this is done, astigmatism increases. 
Until the introduction of the new Jena glasses it waa not possible 
to get very flat field lenses free from astigmatism. See [9],^Chapter 
VII. 



[B] Lack of covering power is a defect for which curvature of field 
is often responsible. A lens with a field of good definition of a 
certain diameter will cover any plate which can be placed inside that 
circle, but it will not cover a larger plate, nor will it completely cover 
its normal plate if the lens is not op|K)site Che centre of the plate. If 
the lens is moved up or down, or to the left or right, the field of 
definition is moved away from the plate and some parts are bound to 
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suffer. (See fig. 63.) The covering power of lenses varies greatly, 
though how the optician obtains fine definition over a wide field we 
cannot now discuss. The practical lesson is : — The larger the circle 
covered by a lens of given focal length the better, because the lens 
can be moved about on the camera-front without fear of ill-defined 
comers in the negative, and also because the lens can be used to 
cover a larger plate. See Angle of View, [2], Chapter III. 



CHAl^ER VII. 

GHR0MATI8M. NEW ACHROMATS AND MODBRN ANASTIGMATS. 

[1] Non-achromatism, — A lens is " achromatic " when it brings two 
or more of the spectrum rays (red, orange, yellow, green, blue and 
violet) of which white light is composed, to the same focus. Every 
photographic lens ought to be achromatic, and most of them are. 
We shall understand what non-achromatism means in practice if we 
go back to the prism. 

When we spoke of a prism " refracting " light, we said that it also 
"dispersed" light. Refraction is the bending of a ray as a whole 
(fig. 7) ; dispersion arises from the fact that of the various spectrum 
rays the blue and violet {i.e, the chemical rays, which affect the plate 
most and the eye least), are bent more than the red and orange rays, 
which affect the eye more than the plate (fig. 64). A lens which 
behaves like a prism does the same, and we see in fig. 66 a greatly 
exaggerated diagram of what happens. The violet rays being much 
more refrangible (bendable), are brought to a focus nearer to the lens 
than are the yellow, orange and red rays. What does this mean in 
practice ? In fig. 66, which was prepared with a view to exaggerate 
the effect, the contents bill was inclined to the lens and the centre 
focussed at the word " bichromate," a non-achromatic lens being used. 
Since the yellow rays are those most visible to the eye, the image 
focussed is formed by these (visual focus). But the plate sees the blue 
and violet rays, and therefore receives the blurred images due to 
these. The sharp image in the lower part is due to the lines being 
nearer to the lens, the rays being thus brought to a focus so much 
further back (see "Conjugate Foci," [11], Chapter II.) that the violet 
rays fall on the focal plane. 

The following, in the barest outline, is the method by which this 
defect is cured : — The power of glass to disperse light — t.e. to spread 
it out into a colored band — is quite distinct from its power to bend 
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the ray Bs a whole. Flint glass has a much greater dispersive action 



II glass of equal refractive power. Hence by combining 
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a convex lens of crown glass with a concave flint-glass lens we can bind 
up the spectrum and still leave a residue of refractive power. 

Bearing the above brief and incomplete explanation in our minds 
we may pass to consider the achromatising of a lens in a little more 
detail. We shall find that it is not quite so simple as might ba 
supposed. 

[2] Dispersion, — When a ray of sunlight is cut down to a slit by 
passing through a diaphragm and is then allowed to fall on a prism, 








Fig. 64. 
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it is, as we know, spread out into a colored band — the spectrum. In 
the spectrum a number of thin dark lines can be found. These 
Fraunhofer lines (so called after their discoverer) afford a means of 
labelling, as it were, the various parts of the spectrum. For con- 
venience in this respect they have been lettered, so that when we 
speak of the B line we know exactly what part of the red we mean ; 
or when we refer to the F line we know that we mean a certain spot 
at the green end of the blue. (See fig. 67.) The relative positions 



Aa B c 



^b 



Fig. 67. — The solar spectrum. 

of these lines to one another enable us to show that the perfect achro- 
matising of a single lens by a second lens as described above cannot 
be done in practice. 

[3] Irrational Dispersion. — Figs. 68 and 69 show side by side two 
spectra of same light : one (fig. 68) with a crown glass and the 
other (fig. 69) with a flint glass prism. The spectra have been 
adjusted so that the lines C and F coincide, and it will be seen that none 
of the other lines exactly coincide, the prism of crown glass spreading 
out the red end of the spectrum at the expense of the blue, and the 
prism of flint spreading out the blue end of the spectrum at the ex- 
pense of the red. This fact prevents all the colors of the spectrum 
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being united to the same focus by a single correcting lens, and this 
unfortunate behaviour of a prism is called the " irrational dispersion." 

[4] Secondary Spectrum, — The optician therefore arranges to bind 
up two colors, and he selects of course the color to which the eye is 
most sensitive and that to which the plate is most sensitive. These 
are the green and yellow about the line D, and violet-blue near to 
the line G. But with only two glasses of flint and crown he must 
let the rays of other colors which are not perfectly recombined take 
their chance. A lens which thus unites two colors is said to be 
*' achromatic." The colored rays which still remain are said to form 
a ** secondary spectrum " or residual spectrum ; and although for most 
practical purposes this residual spectrum is of no importance, it is very 
desirable for certain purposes to have a lens in which much more of 
the spectrum is brought to a focus. 

[5] Apochromatic, — The addition of another glass enables this to 
be done, light of another color being combined with yellow and blue 
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Figs. 68 and 69, 

already brought to the same focus. Lenses such as this, which are now 
made commercially, are known as "apochromatic." 

An apochromatic lens brings any of three colors to the same focus, 
which is sufficient for almost any photographic purpose. 

[6] Tertiary Spectrum. — There are still other rays uncombined — i,e, 
there is a " tertiary spectrum " — but the most delicate photographic 
work would scarcely serve to show the existence of this residual 
chromatism. 

[7] Old and New Achromais, — We must now endeavor to appre- 
ciate the difference between what are known as " old "and " new " 
achromats. And to do this we will first consider what is understood 
by these terms. 

We have already seen that in producing an achromatic lens we 
combine a positive lens with a negative lens which will bind up two 
colors of the spectrum produced by the first, the negative lens being 
less refractive than (though equally dispersive as) its colleague. At 
the same time the lens-maker has to remove spherical aberration, 
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which he does by selecting suitable curvatures of the two lensos. 
How with the glasses which were available up to the time of Dr. Abb^, 
two typical forms of lenses have been used. They are shown in figs. 70 
and 71. 

[8] OM Achromats. — Fig, 70 consists of a hi-convex crown with a 
bi-concave flint. With the convex side of the crown glass towards 
the light it gives sharp images at a comparatively large aperture. 
Convex side to the light it gives an image which is less sharp in the 
centre but moderately sharp over a much larger field. Fig. 71 is a 
meniscus consisting of a positive meniscus of crown with a negative 
meniaoua of flint ; used concave side to the light it gives sharp defini- 
tion over a fairly wide field. 

Now although flint and crown glass differ in disiwrsion for equal 




refraction, yet when the refraction of either is increased, the dispersion 
increases as well, Tliis fact enforces certain conditions in the con- 
struction of an achromatic lens free from spherical aberration. Looking 
at fig. 70 we see that for the lens to be a converging lens at all, the 
focal length of 1 must be numerically less thaii the (negative) focal 
length of 2 : in other words, 1 must be a more powerful lena than 2.* 
Now if we want to make a high power (short focus) lens we must 
employ either deep curvature with moderate refractive power, or else 
moderate curvature and great retractive power. In either case we 
introduce errors of spherical and chromatic aberration, for the correc- 
tion of which we must look to our negative lens. To produce com- 
piensation of the chromatic dispersion, we must use one lens of deeper 
curvature than the other, which very deepness of curvature makes 
it difficult to avoid spherical aberration. 

■ This follows from the formula -sr — -^ '^ -^. where /,, /, are the focal 
1^ /i fi 

leagtlis of I and 2, F = ^}--2- Therefore for F to be positive,/, muat be 
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Now the size of the circle of chromatic aberration is inversely 
proportional to the focal length of the lens — t.e. the color fringe 
around the image of a point is greater the shorter the focal length of 
the lens. The focal length of our positive lens is less than that of 
the negative. Therefore the chromatic aberration of 1 is greater than 
would be that of 2 if it possessed the same dispersive power. Hence 
to balance the chromatism of 1, the dispersion of 2 must be greater 
than that of 1 ; and, as we know that refractive power varies with 
dispersive power (though not proportionally), we see that we are 
forced to use a glass for the diverging lens which is also more re- 
fractive than the converging lens. Until the new Jena glasses were 
introduced this condition was the only possible one. Let us repeat 
it before we pass to the new achromat : with glasses in which dis- 
persion rises and falls with refraction, an achromat must consist of 
a converging lens with both dispersion and refraction lower than 
those of the diverging lens. 

[9] New ' Achromats, Flat Fields, — It was shown by Von Seidel 
that for a thin lens to have a flat field the following must hold good, 
viz. — 

t.e. ftj/j = — i^^f^i 

where /^ and /g are the focal lengths of two elements and /x^ /a^ 
the refractivities of the glasses of which they are composed. 
This is the same thing as— 

This formula shows two things — 

(1) That the focal lengths of the two lenses must be of opposite signs 
— i.e, one lens is converging and one diverging ; and 

(2) The lens of shorter focal length must be made of glass of 
higher refractive index. 

Let us contrast this witli the condition for achromatism which we 
investigated above. 

(1) Achromatism requires the more powerful lens of crown and the 
less powerful of flint — i.e. the converging lens must be of a glass of 
lesser dispersion than that of the diverging lens. 

(2) Flatness of field requires the more powerful lens of flint and the 
less powerful of crown — i.e. tlie glass of converging lens must have 
a greater refradivity than that of the diverging lens. 

We see that these are quite contradictory requirements. If we 
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satisfy condition (2) and get flatness of field, by taking for the con- 
verging lens a glass of greater refractivity than that used for the 
diverging lens, then we can only get achromatism if we can obtain 
along with this higher refractivity a less dispersion than that of the 
glass of lower refractivity. The glass technical laboratory of Jena has 
supplied glasses which enable this last condition to be realised. 

[10] Jena Glass, — Let us first give and explain some of the data 
of a few glasses of 'the Fraunhofer and of the Abbe period. 



Glass. 



Hard English crown 
Soft English crown 
Light flint 
Heavy flint . 



Refraction 
Index 
forD. 


Index of Dis- 
persion between 
C and F. 


III) 


1-518 
1-515 
1-571 
1-620 


•0086 
•0090 
•0133 
•0171 


60-2 
57-2 
43-0 
36-2 


Refraction 
Index. 


Mean Dispersion 


?iD-l 


1-5159 
1-4967 
1-7174 
1 -9626 


•00737 
•00765 
•02434 
•04882 


•70 

64-9 
29-5 
19-7 



V. 



Light Phosphate crown 
Boro -silicate crown 
Dense silicate flint 
Densest silicate flint 

Let us get some idea of the physical meaning of these figures and 
we shall then see their immense importance in the construction of the 
new achromats. 

[II] The refractive index of any substance is a numerical expression 
of the refracting power of the substance towards light of a given part 
of the spectrum. The law of refraction (see fig. 72) is that when 
a ray of light passes into a denser medium it is bent towards the 
perpendicular to the surface of the medium. 

Thus in fig. 72 r is called the angle of refraction and i the 
** angle of incidence " — that is to say, the angles which the refracted 
and the incident ray make with the perpendicular to the surface. A 
very simple construction decides the index of refraction. If we 
describe a circle with centre n and drop perpendiculars from the points 
a anTi b (where the incident and refracted rays cut the circle) upon 
the perpendicular to the surface, then the ratio of ad to bf (i.e, 
a d divided by b f) is the index of refraction. In case of water the 
index equals 1*3 or 1-333, and is written /xd=I"333. 

[12] Dispersion^ the power of a substance to spread light into a 
spectrum, is measured much more simply. It is simply the difference 
between the refractive indices of rays of diflPerent color. For photo- 
graphic purposes we are interested chiefly in the orange rays, which 
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form the visible image on the screen, and the blue rays which form 
the image on the plate. So we select the three Fraunhofer lines D, 
C, and F, and finding the refractive indices for the light which comes 
from the spectrum at these points we subtract one from another. 
The difference is the dispersion. We write it ftp-ftc- The third 
column contains figures which represent the refractivity for equal 
mean dispersion, or, in other words, the achromatic refractivity. These 
figures are obtained by dividing the refractivity of -the various glasses 
(after subtracting the refractivity of air = 1 ) by the mean dispersion. 
They tell us the relative refracting powers of glasses all of which 
disperse white light to an equal amount. We can go back now and 
solve the problem we left. 




Fig. 72. 



[13] 2^he Flat Field Arhromat — Suppose we want to make a flat field 
achromat. We must, as we have seen, fulfil the following conditions. 

(1) Positive lens must be more powerful (have shorter focus than 
negative), in order that resultant lens may be positive. 

(2) The glass of converging lens must be of higher refractivity 
than that of the diverging lens. 

(3) The glass of the converging lens must have less dispersion than 
the more feebly refracting glass of the diverging lens. 

This cannot be done with the old English crown and flint glasses. 

But take the two following Jena glasses. 

S 30, dense barium phosphate crown ; refractive index, 1 '5760 ; 
dispersion, '0084. 

O 381, crown of high dispersion; refractive index, 1*5262; dis- 
persion, -01026. 

Taking S 30 for our converging lens we see that the dispersion of 
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tlie glass used for it is less than that of a lens which is not so refrac- 
tive. Thus we see how the new glasses from the lahoratories of Dr. 
Abb^ have made possible the construction of these flat field achromats. 
We have now to show the use which has been made of these new 
achromats in the construction of the modern stigmatic lenses. 

[li] " New " Adiromats in rdatioa.to Modern Lenses. — The correction 
of a lens aberration is always a matter of compensation — i.e. of counter- 
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balancing a positive aberration by a negative one of equal mi^nitude. 
(See Splierical Aberration.) This is done also in the case of astigma- 
tism. Now a "new aehromat" — to use again the designation of 
Professor Silvanus Thompson for a lens in which the positive member 
consists of glass of higher refraction with lower 
dispersion — has its cemented surface positive 
or converging, and therefore introduces an 
astigmatic aberration which is opposite to that 
produced by an old aehromat which has its 
cemented surface divei^ent. By the com- 
bination of two lenses of these types the 
principle clearly set forth by Dr. P. Rudolph 
is realised. This principle is known as "the 
opposed gradation of the refractive indices." 
In the Rudolph anastigmats the combination 
of an "old" and "new" aehromat enables 
radial astigmatism to he eliminated and at the 
same time a very flat field to be produced. ^.^ -= 

This same principle was applied by Rudolph 
in 1894 to the production of a single lens with an astigmatically flat 
field, which was broi^ht out by Carl Zeiss under the title of Anas- 
tigmat Lens/12'5. The separate elements of this lens being cemented 
together may remain uncorrected so long as the whole lens is spheri- 
cally and achromatically corrected. The one condition to be observed 
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if radial astigmatism is to be eliminated, is that the Rudolph principle 
of opposed gradation of the refracted indices may be realised — i.e, 
that two of the lenses form an old achromat and two a new achro- 
mat. This can be done in the case where only three lenses make up 
the achromat, as shown in figs. 76, 77. A lens of this type was 
made according to Dr. Rudolph's formulae in 1891 by Carl Zeiss, 





f's/irsex rff/ 




Fig. 76. Fig. 77. 

and was placed on the market by the same firm in 1893 as Satz 
anastigmat. Series YI. 

The triple anastigmatic lens thus produced by Dr. Rudolph, in 
extension of his principle of opposed gradation, was independently 
arrived at by Von Hogh, and two lenses of this type were combined 
to make a symmetrical double anastigmat, which is placed on the 
market by C. P. Goerz as the "Double Anastigmat." 

The Holostigmat of W. Watson & Sons is the latest addition to the 
group of symmetrical anastigmats, and according to its computer, A. E. 
Conrady, " differs entirely from the other lenses of this group in the 
construction of its triple cemented back lens, which consists of a 
crossed convex lens cemented between a bi-concave lens and a meniscus, 
the least refractive glass being placed next the diaphragm and the glass 
of highest index outside." 

A convertible "Satz" lens working at /6'1 has thus been pro- 
duced which, while being so perfectly corrected for the usual medium 
angle field as to completely fulfil even the requirements of photo- 
micrography, becomes an excellent wide angle lens with 90° field 
when moderately stopped down. The single combination answers 
perfectly as an aplanatic or anastigmatic landscape lens working at 
/11-3. 
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CHAPTER VIII. 

LENSES PAST AND rRBSBNT. PROPERTIES FROM THE USER's 

POINT OP VIEW. 

This Chapter is by Thomas Bolas, F.C.S., F.I.C. 

[1] The simple Uncorrected Lens, or Spectacle Lens, — Ordinary spec- 
tacle lenses are very various in character, and by taking advantage of 
the forms easily obtainable, the photographer may do nearly or quite 
all that is required in the usual pictorial photography, assuming that 
extreme rapidity and minute definition all over the field are not 
required. Old spectacle lenses are to be found in the odd storings of 
most houses, and often a mixed lot of 30 or 40 may be bought for a 
shilling at a second-hand shop ; still, when a lens of particular character 
and focal length is ordered, 2s. 6d. is by no means an unreasonable 
charge, and if the lens is made of quartz (commonly caUed a pebble 
lens) the charge may be more. In all cases where spectacle lenses 
are used, a correction for chromatic aberration must be made after 
focussing. See instructions further on. 

[2] Hie usual Double Convex Spectacle Lens, if used without a dia- 
phragm, wiU give fair, but not critical, definition over a very limited 
area, hence it may serve for rapid exposures when there is a central 
figure and the rest is to be indistinct. The area of moderately good 
definition will in this case be about 1 J or 2 ins. in diameter for a 
lens of 6 ins. focal length, but when lenses of longer focal length 
are used the diameter of the area of fair definition will increase rather 
more rapidly than the focal length. The extent and character of the 
definition can be improved by using a small stop close to the lens, 
either before or behind, but in this case the field wiU be very curved 
or cup-shaped. The curved field may be an advantage in a few cases 
(certain interiors, for example) ; but to flatten it and at the same time 
improve the definition, the stop should be in front of the lens at a 
distance equal to one fifth of the focal length. If a wider angle is 
required the stop may be nearer to the lens. 

[3] The Me7iiscx(s or Periscopic Spectacle Lens, — This form is con- 
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vex on one side and concave on the other side, but the convex face 
has the greater curvature ; and all things considered, it is the most 
generally useful form of spectacle lens. If used with full aperture 
while the convex side is outwards, or towards the scene, it gives fair 
definition over a small area. If, on the other hand, the meniscus lens 
is turned so that its concave surface is away from the plate, or towards 
the scene, there will be no sharp definition anywhere. The use of the 
diaphragm in this case is the same as before. A diaphragm close to 
the lens will bring up definition in the one case, and extend it on the 
plate from the middle outwards in the other ; as before, the field will 
be much curved. To flatten the field the diaphragm must be set at a 
distance from the lens; as a matter of fact the diaphragm may be before 
the lens or behind it ; the marginal lines of the subject will be a 



Fig. 78. 

little bent outwards at the corners (pincushion distortion) when the 
stop is behind, and a little inwards when the stop is in front. If the 
focal length of the lens is considerable in relation to the size of the 
plate — let us say a lens of 8 ins. focal length for a quarter-plate — 
this distortion is of practically no importance. By using two menis- 
cus lenses with the stop between them this distortion can be eliminated, 
and we get the spectacle lens rectilinear doublet, fig. 78. From what 
has been said it is quite evident that by using spectacle lenses in 
various ways considerable control over the results may be obtained. 
These methods of use, explained above in words, are further illus- 
trated with diagrams in the section on the achromatised meniscus or 
ordinary view lens. 

[4] In using uncorrected lenses a universal rule is — In 07'der to compen- 
sate for the chromatic aberration of the ordinary spectacle lens or its 
doublet, it is necessary to move the lens in or toioards the plate after 
focussing, the amxfunt of this movefinent inwards being equal to one 
fortieth of the focal length of the lens; and thus if the focal length is 
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eight indies, it will he shifted inwards, or towards the sensitive plate, 
tiDO tenths of an inch after focvssing. This rule is not absolutely 
exact but sufficiently near in practice, especially as microscopic defini- 
tion is not ordinarily sought for 
by workers with spectacle lenses. 

Still with small stops and the ^^^' ^9^. 

above correction (say /32 to /28), 
miscroscopic definition is obtainable 
with spectacle lenses. When small ^®' ^' 

stops are used very special care must be taken that the edges are 
sharp; in other words, that the aperture is a hole like fig. 79a, and 
not a tunnel with reflecting sides like fig. 79b. 

[5] Tfie Achromatic Meniscus or ordinary Single View Lens, — This 
is the near equivalent of the meniscus spectacle lens, but by the use 
of two pieces of glass (a double convex crown glass and a double 
concave flint glass) the lens is partially corrected for chromatic 
aberration. The difference between the achromatised meniscus as 
used for the object glass of medium quality opera and field glasses, 
and the actinised meniscus specially sold as a photographic view lens, 
is so small as to be unimportant. Still this may be said : Every 
achromatised meniscus as used for the object glass of a moderately 
good opera or field glass is well suited for photographic work, 
although the corresponding form, very specially and carefully adjusted 
for photography, will not always function well as a telescope objective. 
An old and damaged opera or field glass, having meniscus object glasses 
(not triplets), will often furnish an excellent pair of view lenses. 

[6] The Diaphragm and the View Lenses, — Writers on photographic 
optics ordinarily mention only one way of using the view lens; 
namely, that method of using it which came into vogue in the early 
days of photography when equal and sharp definition all over the 
plate on a flat field were the ideals. This old method of setting up 
the view lens is far too commonly looked on as the only one, although 
other methods of setting up the view lens adapt it to the many needs 
of the pictorial photography of our day. The ordinary view lens may 
be looked upon as an instrument of wide powers, the most real value 
of which is overpowered or lost by the survival of an old method of 
using it — or, rather, because this one method is commonly looked on as 
the only method. 

To the maker of pictorial photograms the old style view lens can 
do better service than all the high class modern lenses, although he 
may occasionally require the latter ; but the powers of the view lens 
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must be understood. The conditions of use already mentioned as 
relating to the uncorrected or ordinary meniscus apply also in the main 
to the corrected meniscus or common view lens, therefore all the 
verbal particulars need not be repeated. Fig. 80 shows view lens 
mounted to give the highest rapidity, but only a small area in the 
centre of the field will be sharp (see above under heading Spectacle 
Lenses). By raising or lowering or side shifting the front -of the 
camera, the sharp area may be brought to any part of the plate. The 
view lens used as shown by fig. 80 covers a very wide angle but with- 
out definition at the margin. For pictorial subjects with only one 
motive, or centre of interest, the view lens should generally be used as 





Fig. 80. 



Fig. 81. 



shown in fig. 80. The field in this case will be deeply curved or cup- 
like. 

Fig. 8L Lens as in fig. 80, but a diaphragm in front, and close to 
the lens. The definition will be improved and the area of definition 
somewhat extended. The angle covered will be less than in case of 
fig. 80. The curvature of the field will remain nearly as before. 

Fig. 82. Diaphragm removed to a distance from the lens. As the 
diaphragm is removed further (up to about one fifth of the focal length) 
the field of the lens flattens, thus gradually fitting the lens more 
especially for an ordinary scene all parts of which are at about an equal 
distance from the lens. The definition improves and extends as the 
stop is smaller, but the definition on the axis will always be better 
than at the margin. By varying the size and distance of the stop 
and shifting the axis of the lens by a movable front, almost any required 
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localisation of definition can bo obtained. Marginal distortion of 
the straight lines (barrel-like in this case) will not be very noticeable 
when a lens of long focus (say 9 ins. focal length for a 5x4 plate) 
is employed. 

Flare may disturb in some cases, and may be an advantage or a 
trouble. See section on Flare. 

Fig. 83. As fig. 82, but with stop inside. Either close as B, or at 
a distance of about one fifth of focal length, A. The general condi- 
tions are as in figs. 81 and 82, but the distortion of marginal lines will 
be of the pincushion kind; flare may step in, and occasionally a 
parasol or hood to the lens may be required. If it is desired to 
increase the sharpness without destroying the curvature of the field 








Fig. 82. 



Fig. 83. 



the diaphragm should be close to the lens as at B ; the cup shaped 
diaphragm plate makes this possible. Curvature of field, besides the 
use mentioned above, is often a useful aid in localising sharpness. To 
take full advantage of curvature of field in this respect the principal 
object should be on the axis of the lens, but not necessarily in the 
middle of the plate, as the camera front can be shifted, and the sub- 
sidiary objects should rather be grouped behind than before the 
principal object. 

Fig. 84. Definition very confused all over the field. Field much 
curved. Angle wide. 

Fig. 85. A diaphragm close to the lens improves definition but 
leaves the field curved. For obtaining local definition in a case like 
this, see No. 83, where curvature of field is utilised. 



78 



THE LENS. 



[6 conftl] 



Fig. 86. To flatten the curved field of fig. 85 more or less, remove 
the diaphragm away from the lens, the most considerable effect being 
at a distance of about one fifth of the focal length. This arrange- 





FiQ. 84. 



Fio. 85. 



nient, and with the diaphragm at a distance from the lens, has generally 
been regarded as the only one suited to photographic work, and view 
lenses as sent out by the opticians are ordinarily mounted for being 





Fig. 86. 



Fig. 87. 



used as shown by fig. 86. We have in this notion a survival of ideas 
from the time when flatness of field and uniformly fine definition 
were considered to be essentials in all cases. The diaphragm in this 
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inataoce flattens the field and sharpens the image in approximately 
equal steps. When the diaphragm has an aperture of from /16 
to /32 the definition is very good. There is barrel-like distortion, but 
it is not very noticeable unless the focal length of the lens is rather 
short in relation to the size of the plate. For ordinary landscape 
subjects the distortion is negligible. 

Fig. 87. As fig. 86, but diaphragm is behind the lens. All con- 
ditions are substantially aa in case of fig. 86, but such distortion as 
there is will be of the pincushion kind. 

Fig. 88. A combination of two similar achromatised landscape 
lenses, with the diaphragm between them. Such a combination is 
rectilinear, that is to say, does not deform the marginal lines, so can 
be used for copying. The definition is nowhere critical with full 
aperture, although best in the centre of the field or on the axis of the 
lens. The want of defining power is due to spherical aberration, and 



spherical aberration may be reduced to any required extent by the use 
of a small diaphragm. A position or degree of separation may be 
found by trial at which the field is practically flat, but in this case 
astigmatism will much injure the marginal definition. Still in all 
cases astigmatism will hmit the use of such doublets to moderate 
angles when fine marginal definition is required. By bringing the 
lenses closer together a wider angle wUl be included, but the marginal 
definition will be increaaedly faulty by reason of astigmatism, and the 
field will ordinarily be much curved. 

Dissimilar lenses of the achromatised meniscus type may be 
■combined into doublets with very good efiect, and then the diaphragm 
should be placed not midway but at a distance proportional to the 
focal lengths of the two lenses. The photographer who works for 
pictorial effect only, need seldom or never go beyond the ordinary 
achromatised view lens either singly or in. combination, and anyone 
who is mechanic enough to construct suitable mounts may at a small 
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cost furnish himself with a useful battery of elements for combination. 
Further, it is often an excellent plan to combine an uncorrected 
spectacle lens with an achromatised lens. The wide latitude as re- 
gards centring is quite surprising; this latitude as regards bad 
centring only exists in the case of elements each of which is complete 
in itself : thus, for example, there must be no fault in the centring 
of the front and back of a portrait lens, as the back is mainly a 
corrector for the front. 

[7] Wide Angle with ordinary Vieto Lenses, and their Combinations, 
— The ordinary view lens, whether as a single lens or as a doublet, 
is best adapted for narrow angle work, and the pictorial photographer 
does most of his work so as to include a narrow angle, say 45° or 
less. When, however, the pictorial exigencies demand a small area 
of sharp or moderately sharp definition, with the margins of the sheet 
indistinct (an effect most easily produced by means of the ordinary 
view lens as explained above), it is sometimes desirable to so use the 
view lens as to include a wide angle. Used as shown by fig. 80 {i,e. 
convex side towards object, no stop and no tub§), the view lens 
will ordinarily cover a field of from 90° to 100°, but light and 
definition will fall off towards the edge. If the lenses of the doublet 
(fig. 88) are brought very close together, an angle of 90° may usually 
be included, and by the use of a small stop good definition may be 
obtained over about 60°. If there is a choice, view lenses with 
the concave rather deep should be selected for wide angle work. 
Occasionally view lenses and opera glass lenses are made with the 
concave very shallow; while sometimes there is a flat instead of a 
concave. Such lenses are specially suited for narrow angle work. 

When a wide angle is to be included with critical definition to the 
edges, the modern highly elaborated and expensive lenses are an 
essential. The wide angle photogram with critical definition to the 
edges is a technical rather than an artistic necessity. 

[8] Difference between Actinic and Visual Foci as affecting the 
ordinary View Lens. — In the above considerations regarding ordinary 
view lenses no distinction has been made between lenses which are 
achromatised for visual effect (such as opera glass lenses) and those 
which are acliromatised for actinic effect. There is no practical 
necessity to make any such distinction, as the highest or most critical 
definition depends on the use of a small stop, and the small stop gives 
so much depth of focus as to make the slight difference between the 
two achromatisms a matter of no practical importance. The case is 
otherwise with rapid or aplanatic landscape lenses which will give 
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sharp definition with a large aperture. With these lenses a special 
actinic correction is desirable, but with the modern large aperture or 
wide angle doublets a much higher chromatic correction is required — 
the so-called apochromatic correction by which several points in the 
spectrum are brought into coincidence. 

[9] Highly corrected View Lenses and their combinations into 
Rectilinear Doublets, Anastigmats.^-The want of defining power of 
the ordinary view lens used in the old fashioned way (fig. 86) is chiefly 
due to spherical aberration, at any rate as far as the axial rays are 
concerned, and the only way to so reduce this spherical aberration as 
to obtain general sharpness is to use a small stop. The desire for sharp- 
ness combined with rapidity led to many improvements in the view 
lens, and in the doublets formed by their combination. These 
improvements were at first directed towards the elimination of 
spherical aberration and afterwards to the correction of astigmatism 
and the aberrations of the oblique pencils. Finally a higher chromatic 
correction was introduced (apochromatic correction), and we now have 
view lenses of altogether surprising perfection : instruments of special 
value for instantaneous street work, photographing buildings when in 
confined situations, also for copying, more especially when it is desir- 
able to work at short range, often a matter of considerable importance 
to process workers in cities. 

The chief of the various view lenses are described below. All may 
be used as doublets (two being mounted as shown in fig. 88), but in 
some cases this does not appear to have been done ; while in the case 
of such a lens as Dallmeyer^s rectilinear landscape lens (fig. 22), there 
is no particular reason for employing two together in the form of a 
doublet. Others, like the globe lens (fig. 21), and some other special 
wide angle forms, have almost always been used in the doublet 
form, as when used singly distortion may be too considerable a 
factor. 

Speaking very generally, all the lenses described as highly corrected 
view lenses have chief properties more or less similar to those of 
the ordinary view lens. They may be used in all the ways already 
indicated; but when those well marked protean effects which are 
above described are required, the old and cheap form is to be preferred. 
All these lenses will combine fairly well to form doublets if mounted 
as fig. 88, so that the distortion of the two elements is opposite in its 
nature. The distortion of the two parts will not always be equal, 
therefore the combination will not always be quite rectilinear. As 
Dallmeyer's rectilinear landscape has in itself no element of distortion, 
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it is obvious that it should not be combined with another landscape 
lens in order to secure a mutual correction. 

Fig. 89 is a view lens made by Andrew Ross in 1841. The posi- 
tions of the crown glass and flint glass are in a sense reversed, as the 
convex exterior is of flint glass, and the plano-convex is of crown. It 
was used as a single view lens with the flat face towards the scene and 
a diaphragm in front. An ordinary landscape lens was sometimes 
added to convert this lens into a doublet. This early lens is inter- 
esting as being a first step towards those changes which led to the 
popular rapid symmetrical. 

Fig. 90. Grubb's aplanatic, 1857. The same idea more fully 
carried out. The glass having an external convex face is flint, and 






Fig. 89. 



Fig. 90. 



Fig. 91. 



that having an external concave face is crown. Used in the " ordin- 
ary " way of a landscape lens (as fig. 86) this lens gives good definition 
for views with an aperture of /8 to /1 2. The Grubb aplanatic lens 
was mostly sold as a single lens, but doublets (mounted like fig. 88) 
are occasionally met with. All of these lenses which I have tried 
are fully equal to the best of the later rapid symmetrical or rapid 
rectilinears. To Grubb must be given the chief credit for this kind 
of lens. 

Fig. 91. Dallmeyer's wide angle landscape lens, 1865, an improve- 
ment on the Grubb lens, whereby astigmatism is reduced. The 
negative glass of soft flint is sandwiched between two crown glass 
positives, and by using two kinds of crown glass an additional means 
of correction is provided. A modification of this lens is the rapid 
landscape lens of the second Dallmeyer (1884), whereby spherical 
aberration was much reduced and larger apertures could be used for 
moderate angles. 

Fig. 92. SteinheiPs aplanat, 1866. Practically the Grubb apian- 
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atic lens of 1857. Sold mostly as a doublet. This lens has been 
made with more or less modification by most opticians and sold as a 
rapid doublet (/6 to /8) under various names, such as 
symmetrical, rectilinear, etc. To Steinheil, Dallmeyer, and 
the Ross firm belongs the chief credit of having popularised 
this form, the most esteemed lens for general outdoor 
work between 1870 and 1890, and since then it has been 
the staple lens for those not caring to go to the expense of 
the best anastigmats. The newer kinds of glass give addi- 
tional scope in correction, and sometimes these doublets 
have been made with four kinds of glass. Still all lenses of this 
class work well or fairly well as single lenses. 

[10] Purchasing and selecting the Rapid Symmetrical Lens, — The 
importance of the rapid symmetrical lens justifies a short section on 
its economics and use. The equivalent focal length of a rapid 
symmetrical for general use should be about \\ the longer dimen- 
sions of the plate : thus for a whole plate (8J x 6 J) the lens should 
have a focal length of a little over 11 ins. The largest stop will 
usually be about /7 or/8, and with the full aperture reasonably good 
photograms of instantaneous street scenes should be obtainable on 
plates of the size mentioned, and this in spit^ of the fact that a fine 
cross near the end of the plate will not be rendered, and that a 
critical examination will certainly show default of sharp detail some- 
where. Ordinary landscapes and sea views can be taken with full 
aperture (on a plate the long side of which is about two-thirds the focal 
length). Under these circumstances there is no important falling off 
of the illumination towards the margin of plate when the rapid 
symmetrical is so mounted that a next larger plate is covered without 
any part being obscured by the circle of shadow. It will generally 
cover the next larger plate if a small stop (say /32) is used, but the 
margin will not be well illuminated, and anything like critical defini- 
tion at the edges will be out of the question. 

[11] The cost of rapid symmetrical or rectilinear lenses of the 
same general construction varies much, as in the making of this 
particular form some of the more cutting opticians have come up 
nearly level with the old established firms of high repute. Thus the 
whole plate lens (/7 or /8, and about 11-inch focal length) is about 
£6 6s. in the lists of the first class opticians ; but most dealers will 
supply French, American or German lenses of really good quality for 
half the money, and sometimes for considerably less than half. Any 
one who is allowed by his dealer to test a few lenses from the stock 
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of lower priced symmetricals can often, indeed generally, save half 
his money; still he has to work to effect this saving, and many 
persons will prefer to take the wares of the high class optician and 
consider that one half of the price is for the lens itself, and the other 
half for an absolute guarantee of first class excellence. 

[12] Tests which an ll-ineh Rapid Symmeti^al should pass, — A 
leader column of The Times is set up on a well lighted wall and 
things are so adjusted as to reduce the column on the ground glass to 
half an inch wide. Assuming the glass of the focussing screen to be 
fine and an eye-piece to be used, the type should be quite easily 
legible in the middle of the field, the lens not being stopped down. 
To test for marginal aberrations, let the slip of Times leader be 
extended by joining two pieces so that the half -inch-wide image 
divides the plate lengthwise. The middle being focussed sharply 
always with the full aperture, it will be found that the lettering at the 
ends of the plate is out of focus, and to bring the lettering at the ends 
of the plate into the best focus the back of the camera will generally 
have to be shifted forward, showing that the field is concave. The 
racking, owing to the concavity of the field, should never be more 
than three-qtbarters of an inch. Generally it will be much less. On 
the column matter near one end make a bold cross with ink, the 
lines being half an inch long and ^ of an inch wide. The 
image of this cross should come at one end of the plate, one line 
being parallel to the end and the other at right angles to the end of 
the plate, and this latter line should point towards the centre of the 
field. First focus one line of the cross and note the shift of the back 
required to bring the other line of the cross into focus. This shift 
(call it " astigmatic difference ") should not be more than five-eighths 
of an inch. 

Such extremes of curvature in the field, on the one hand, and of 
astigmatic difference, on the other hand, should not coexist in the 
same instrument. The two are to a large extent exchangeable. If 
there is much astigmatism we may partly exchange it for curvature of 
field by bringing the two elements of the doublet a little nearer to- 
gether. If, on the other hand, the field is much curved, we may lessen 
the curvature by separating the elements of the doublet, but this will 
increase the astigmatism. 

Test for achromatism (or actinism). This is very necessary, 
especially as unachromatised symmetricals are sometimes sold. First 
see that the focussing screen of the camera and the face of the plate 
in the slide come to the same position. This is best done by focussing 
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a part of a line subject sharply with a rapid lena first on a piece of 
ground glass fitted in the dark slide, and then on the focussing screen. 
If there is a difference, one or th© other must be adjusted. Practically, 
very few commercial cameras with many slides or sheaths are in good 
focal adjustment. 

The long slip of Times leader being in position as in the last men- 
tioned test (for astigmatism), focus sharply (with full aperture of lens) 
on a line which comes about half way between the middle and the 
end of the plate. Expose a plate and develop. If any line of the 
printing is sharper than that which was focussed, the achromatism or 
actinism of the lens is faulty. Rapid rectilinears of shorter or longer 
focal length should define similarly, and the maximum fault allowable 
from curvature of field and astigmatic difference should be proportional 
to the focal length, in the ratio given above for an 11 inch lens. 

[13] Lenses for extremely wide angle, — Fig. 93. Busch's Pantoscope 
(apparently made as early as 1865), is at the present moment the 
prince of lenses for quite exceptionally wide angle. 
The- construction is more analogous to the old view lens 
than to the aplanatic lens of Grubb, but the periscopic 
principle is carried to extreme. This lens is a triumph 
rather of skilful construction than of optical innova- 
tion, the construction of the deep or thin inner flint 
glass being a very delicate operation. The pantoscope is 
always sent out and used as a doublet, and as it must 
be employed with a small stop its spherical aberration 
is of no importance. The most real use of the panto- * * 

scope to the photographer is for photographing buildings in close 
situations when records are wanted for trade or other purposes. As 
sent out, the pantoscope will include an angle of 110°, but if the 
user cares to construct a somewhat shorter tube the angle included 
may be increased to 120° : thus a pantoscope of 4f ins. focal length 
will not only cover a 12 x 10 plate, but a little margin will be left for 
raising the front of the camera. 

[14] Using a lens of extremely toide angle. — A photographer who 
imagines that he can obtain the best results over an angle of 120° by 
merely screwing the lens on an ordinary camera and going ahead in 
the ordinary way makes a great mistake ; even if the construction of 
the camera allows a clear range inside and out for a cone of 120° 
the resulting picture would be much under-exposed at the margin, as 
the light necessarily falls off much towards the edges. The following 
are the chief needs. (1.) The stop must be small, /64 at the most. 
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(2.) Some kind of light equaliser must be used ; the most convenient 
being a starfish-shaped piece of black cardboard {Rg. 103), which is made 
to rotate in front of and near to the^late during part of the exposure 
(ordinarily during half or two-thirds of the exposure). The star should 
be made unsymmetrically as shown, and if supported as indicated the 
whole can be drawn down into a well attached to the camera when not 
in use. Slow rotation is sufficient, provided that the star is kept in 
motion ; two threads, each wound right and left handed on a small 
rounce, being used to keep the star in motion, the thread passing 
through the outer casing. The shading from the supports will be 
very trifling if they are thin; and as this shading affects the sky 
chiefly, retouching is easy. (3.) The glass of the plate should be 
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Fig. 103. 

fiat, as when the incidence is very oblique a slightly irregular surface 
may tell. (4.) The camera and stand must be very firm and solid, 
otherwise the manipulation" of the star screen and the break in the 
exposure might cause a general unsharpness. Obviously it would be 
unreasonable to expect very critical sharpness as far as the margin is 
concerned. Dr. Meydenbauer asserts that when a pantoscope is used 
for an angle of 110° the illumination at the margin is only one 
sixth of that at the centre, and he further states that if diluted rodinal 
is employed as a developer the effect of this falling off of the light 
will be minimised. 

Fig. 94. The Ross portable Symmetrical or wide angle Symmetrical, 
always sold as a doublet. A construction similar to the last but not 
so deep. Will cover 90® with a small stop. 
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Fig. 95. Globe lens. Sold as a doublet. A somewhat similar lens 
for about 100'. 

Fig. 96. The Ross Concentric. Sold as a doublet. The plano- 
convex is formed of glass having high refractive but low dispersive 
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power, achromatised by a plano-concave of high dispersive power. 
At/20 it gives fine definition, and this definition is critical even to the 
margin of the plate. This, together with evenness of the illumination 
and flatness of field, makes this lens a valuable instrument for copying 
when rapidity is not essential. 

Fig. 97. Dallmeyer's Rectilinear Landscape lens. This stands 
quite by itself, as a landscape lens which does not distort. It is 
about as aplanatic as the Grubb aplanatic lens (fig. 90) and the 




Fig. 97. 

astigmatic correction is better, therefore it can be used for copying 
plans, or for process work. Angle medium (about 60) illumination 
very equal. 

The Modern Anastigmat. 

[15] The first lens in which both spherical aberration and astigma- 
tism were eliminated with a flat field, is Piazzi Smyth*s combination 
of a Petzval portrait lens (fig. 104, A) with a plano-concave close to 
the plate (fig. 104, B), this form dating back to 1875.. It is specially 
valuable for lantern work, and is manufactured by Swift of Tottenham 
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Court Road, London. Soon after this Dr. Schroeder constructed 
highly complex objectives in which many glasses allowed the high 
correction of the various aberrations, but he appears to have looked 
upon such constructions as too complex for the market. As new 
qualities of glass became available, and with the advance of optical 
enterprise, novel and complex forms came on the market, a triplet 
of Rudolph and a doublet due to Hoegh and Goerz leading in 1892 
and 1893, 

The modern highly complex lenses involve new systems of work- 
ing in the optical factories ; the final figuring being done on the 
polished glasses by trial with a standard reverse, or glass mould, used 
after the manner of a surface plate, but the indication of contact is 
afforded by the observation of the Newton's rings, or the interference 
colors of the thin plates of air. 





Fig. 98. 



It was thought at first that the increase in the number of glasses 
in the modern anastigmat would balance all optical gains ; but this has 
not proved to be the case, owing to the introduction of better work in 
surfacing. Still the modern highly complex lenses have not yet 
reached the stage of cheapness, and it is difficult to see how high class 
figuring by the new methods can ever be cheap. It is impracticable 
to describe all the various forms of modern anastigmatic lenses. Very 
approximately, the competition is such that the real value is about 
proportionate to the price. 

Fig. 98. The Goerz-Hoegh anastigmat — in two forms, A and B, the 
latter being that preferred by Dr. Goerz and now sold — is supplied 
both as a single lens and as a doublet. The doublet is now sent out 
to work at/6*8. Usual angle included is = 70**, or with small stop 90**, 
Field flat, and illumination very equal. 
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Pigs. 99 and 100. Anaatigmats, 1893 to 1895, used both as single 
lenses and as doublets. 

Fig. 101. Steittheil's orthostigmat, 1896. As doublet or an 
single lens. 

Fig. 102. Tlie universal form of Dalhueyer stigmatic. It con- 
sists of two elements, each an e.tcellent; landscape lens, although they 
are different in their construction. The back combination has a focal 
length of about one and a half times tliat of the complete doublet, 
wJiile tlie front combination has a focal length of about twice that of 
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the complete doublet. This lens works at /6 and the size which is 
best adapted for general work on a plate 8J x 6J (10'7 ins. focal 
length) mil cover a 15x 13 plate if a stop of /lO is used, and this with 
fairly equal Ulumi nation. 

Tlie number of anaatigmatic doublets capable of division into two 
good landscape lenses is now so great that even the names cannot be 
mentioned. The above are, however, representative examples. 

[16] The pass legt for an Anmtiginatk or Stigmntic Doublet. — The 
long column of Times leader having been set up as already directed 




and to the same standard of reduction (p. 8i), it should be possible 
to find a focal plane in which the wliole is distinctly legible at the 
same time, the full aperture of the lens being used. If the lens 
has a greater rapidity than/6 a little leniency may be allowed. For 
the whole-plate lens (about II ins. focal length) the racking in 
for curvature of the field should not exceed one tenth of an inch, and 
the astigmatic difference should not be more than one twentieth of 
an inch, the test being made as on the margin of a whole plate, 
as directed (p. 84) for the case of a rapid symmetrical. In 
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the case of lenses of longer or shorter focal length proportionate 
errors may be allowed. Tlie test for achromatism is made as already 
directed in the case of the symmetrical. The anastigmat should 
pass the test absolutely, but care must be taken not to misjudge by 
reason of want of register between dark slide and focussing frame. 
A very firm and well made camera is required for this test. 

[17] Combining Lenses : further Notes, — The lenses described above 
may be combined to form doublets, aud when sold as doublets each 
part may be used as a complete landscape lens. Further, they may 
be intercombined in any way ; fig. 88, and the instructions given in 
connection with it, being the basis, but the corrections for distortion, 
flatness of field, and astigmatism will often be more or less stultified 
by combination. In other words, the most critical performance must 
not always be expected ; still combination is very useful in many 
cases. As already explained, very b^d centring will do in the case of 
the less perfectly corrected lenses, but in the case of the anastig- 
mats fairly good centring is required ; in other words, an extemporised 
pasteboard tube is not good enough for those who are critical in their 
requirements. An optical mounter or jobbing mechanic will often 
make special brass tubes at a low cost and make them so well that 
the combined lenses scarcely suffer. See also p. 96. 

[18] Flare is a trouble that besets the combiner of lenses, when 
subjects with great contrasts are photographed. It sometimes shows 
itself as a whitish or light glare on a portion of the subject ; some- 
times as a ghostly image of a chief light, as for example an east 
window in a church. In these cases it is due to reflection from 
certain surfaces of the lens. While looking at the picture on the 
focussing screen slightly shift the diaphragm or alter the distance 
of the lenses. The condition under which the flare spreads itself 
harmlessly over the field will then be found. Care must be taken 
that there are no bright or semi-bright places inside the mounting 
tube. When the thick edge of a lens is semi-polished, reflection may 
take place from it. The remedy is to black- varnish the edge. 

Various Special Lenses. 

The lenses which are next to be considered are special constructions 
in a more complete sense, as they will not separate into two complete 
and satisfactory lenses, as is the case with ordinary rectilinear or 
anastigmatic doublets. 

1 9] The Portrait Lens or Petzval Doublet. — This notable lens, which 
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was quite an innovation, is shown in section by fig. 104, A. The 
front combination is an ordinary view lens with the convex surface 
outwards, while the back combination consists of an outside crossed 
lens of crown glass and an inner concave convex of flint glass. The 
back combination is a correcting lens merely, and is not suitable for 
separate use. The most remarkable quality of the portrait lens is 
perfect correction of spherical aberration for the middle of the field, 
even when the aperture is as large as /3 ; moreover, if the lens is 
well constructed no other aberrations affect the middle of the field. 
Hence it is that by using a portrait lens it is possible to obtain 
microscopic definition over a limited area, and this together with 
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Fig. 104. A, B. 

extreme rapidity ; hence no lens is more suitable than a good portrait 
lens for stellar photography. 

Although the various anastigmatic doublets are invaluable when 
fine definition is required all over a large field, they cannot, as a rule, 
equal the exquisite definition which a first class portrait . lens will 
give over a small area. 

Considering all things, no lens is so suited as the portrait lens for 
single figures or groups of two or three in the photographer's studio, 
but English portrait photographers ordinarily use portrait lenses. of 
an undesirably short focal length (this being owing to the shortness 
of the studio). A huge portrait lens with glasses of 6 ins. in 
diameter, and having a focal length of about 28 ins., may often be 
used with advantage for the smallest portraits : and a useful method 
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of using the portrait lens, when we want rather less sharpness, but 
sharpness spread over a larger area, is shown by fig. 104, D. 

The portrait lens may generally be adjusted so that almost any 
compromise can be effected between a round field and bad marginal 
definition by reason of astigmatism. Considerable separation of 
the front and back combination gives a flat field and much astigma- 
tism, while a shorter tube will give no astigmatism but a curved field. 
The curvature of field may be remedied by a large plano-concave lens 
set immediately before the sensitive plate (fig. 104, B), a device due 
to Piazzi Smyth ; a portrait lens thus fitted and adjusted being 
substantially corrected on all points. 
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Fig. 104. C, D. 

[20] Dallmeyer form of the Petzval Portrait Lens, — In this the 
positions of the elements of the back combination are reversed (fig. 
106) and otherwise modified. This form is decidedly an improve- 
ment on the original, and it is now adopted by all the best Continental 
makers. By increasing the distance between the elements of the 
back combination, any desired amount of spherical aberration may 
be introduced; this being a convenient method of introducing a 
carefully regulated amount of softness. Some of Dallmeyer's lenses 
are fitted with a screw device for the above purpose. (See p. 128.) 

Fig. 104, D, shows a method of using the portrait lens by wliich a 
very little diffusion of focus is introduced, but with the advantage of 
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a corresponding gain in definition and lighting away from the centre : 
an arrangement well suited for groups in the studio. The lens is 
reversed and the diaphragm is in front of the reversed lens as sho^Ti. 
[21] The Dallmeyer fi Stigmatic Portrait Ijens, — ^This lens (fig. 
105) (not to be confounded with the separable stigmatic mentioned 
above) is a construction which, like the Petzval lens, gives microscopic 
definition, and it is as suitable as is a Petzval lens for photographing 
the fainter stars and the solar streamers. In addition, it gives fine 
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definition over a large flat field ; the angle included being about 60*. 
This lens is hot separable into two working lenses. Although 
less suitable for some classes of studio work than is the form 
last mentioned, the /4 stigmatic represents the climax of up-to- 
date perfection for group work, or whenever fine definition is 
required all over the plate, together with extreme rapidity. 

[22] The Telephoto Lens is a recent introduction of Mr. Dallmeyer, 
and is based on the principle of some old devices of the nature of 
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the Barlow lens. A negative combination of somewhat higher power 
than the positive is placed behind the positive lens, whereby the rays 
impinge on th« plate as if they were projected by a lens of longer 
focal length, thus giving a larger image for a determinate camera 
extension. The special value of the telephoto lens rests in its power 
of giving large images of distant objects, and fig. 106 shows one of 
many possible forms, as any ordinary photographic lens may have a 
negative back-glass adapted to it. Fig. 106 shows Mr. Dallmeyer's 
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form of the Petzval portrait lens combined with a negative rapid 
rectilinear lens. It is desirable to have the shifting-back element 
to the portrait lens as already mentioned, this allowing of the intro- 
duction of just so much positive spherical aberration as shall exactly 
balance any negative spherical aberration of the additional combination. 
[23] The Cooke Lens, — Fig. 107 shows a remarkable lens of com- 
paratively simple construction, manufactured under the above name 
by Messrs. Taylor, Taylor & Hobson. It may be looked on as a 
simplified and improved outcome of a kind of lens which has under- 
gone several modifications, as, for example, Goddard's unsymmetrical 
triplet (Photographic Journal, March 15th, 1864, p. 10), a lens by 
Furnell {British Journal, 1884, p. 238), and several lenses by Mr. H. 
Dennis Taylor. The Cooke lens as now made is very popular for 
hand camera purposes and general view work. Its full aperture is 
/6*5 (another series work at/8), and the correction for astigmatism is 
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Fig. 107. 

good. The instrument in question does not give two working lenses 
when separated. 

[24] Lenses which toill not separate. — There are many modern 
lenses that may be called doublets and are corrected for astigmatism, 
but as the front and back are not individually and separately cor- 
rected, the one lens will not make two good instruments when separated 
into two. It is impracticable to give a list of such lenses or a rule 
for distinguishing them in all cases, but a trial of the two components 
on the camera will soon show whether each individual element will 
.give a satisfactory image. Often, but not always, any considerable 
•difference in the make or style (as distinguished from size) will 
indicate the lens which will not separate with advantage. 

[25] The Hypei^gon of Goerz is a doublet lens of recent intro- 
duction which appears to include a somewhat wider angle than the 
pantoscope, the range being up to 135** or 140*. I have not 
met with any detailed description. See fig. 103 and description (p. 86) 
in relation to the use of very wide angle lenses. 



[26] LENSES PAST AND PRESENT. 95 

[26] The Extra Rapid Lens of Dr. Grun, — Extra rapid portrait 
lenses (Petzval type) have been produced but seldom used ; the most 
rapid, as far as I know, being /I by Mr. T. R. Dallmeyer. Such 
lenses have very limited use for ordinary photographic purposes, as the 
depth of focus is necessarily very small. Recently Dr. Griin has con- 
structed, adapted, or altered the portrait lens, by the old Goethe-Blair 
system of using liquid elements in the lens. In this way a rapidity 
as great as /J seems to have been realised, but no full details of the 
lenses have been published. Some illustrations of work with Dr. 
Oriin^s lenses appear in The Photogram for September 1901, p. 261. 

[27] Second-hand Lenses, — Considering the very delicate char- 
acter of high-class photographic lenses, I am inclined to think that 
second-hand prices rule too high. A second-hand lens may be 
damaged in many ways; the mount may have been slightly dis- 
torted so as to strain one of the glasses or put it in such bend tliat 
the extreme sharpness of definition will be lost ; screws may be 
partially stripped or so damaged that it is difficult to find the starting 
point, and the fine polish of the glass itself may be gone. No high 
class lens should be bought second-hand without a critical examina- 
tion or trial ; unless indeed the purchaser considers that he wiU be 
content with second-class performance. Ordinary old style view 
lenses, and even rapid rectilinears by good makers, if faultless in 
general appearance, may be worth buying if the price is low; but 
second-hand anastigmats or portrait lenses should only be bought after 
very careful consideration, and if absolutely no fault can be found they 
may be worth about half the original price ; that is to say, if they 
are of the kind most wanted by the purchaser. Half the price for the 
lens, and half the price for the direct guarantee of the maker being a 
reasonable apportionment. One accustomed to lenses may often judge 
of the defining power, condition, a:nd other qualities by holding the lens 
up in front of him and examining the aerial image with a pocket mag- 
nifier. Old orthoscopic lenses by Voigtlander, orthographic lenses by 
Ross, and triplets by Dallmeyer, may be worth buying if offered for a 
trifle. Portrait lenses of high class makers and over 8 ins. in focal 
length will generally command a fair price. If a trial is allowed and 
the lens which is offered is faultless and suits exactly, it may be 
worth while to give one third to half the original cost ; but smaller 
portrait lenses by good makers can often be had from 10s. to 20s. each. 

As a rule it is cheaper and more satisfactory to buy exactly tlie 
lens which is required, new from the optician, than to obtain a large 
number of unsuitable lenses second-hand. 



CHAPTER IX. 

COMBINING LENSES. "MAGNIFIERS." 

[1] Altei*ing Focal Length. — By combining a single or double with 
a positive lens (i,e, one thicker at the centre than at the edges) the 
focal length is lessened ; by combining with a negative lens {i.e, one 
thinner at the centre than at the edges) it is increased. It is often 
useful to alter the focus of one's lens in this way. One special 
application is in enabling the lens of a fixed-focus hand camera to be 
used for objects close to, as with the so-called " magnifier " fitted to 
the Frena and other cameras. 

[2] Tlie Rule for Combining. — The amount of alteration resulting 
from the addition of another lens follows a given rule, which is as 
follows : — To find the focal length of two lenses separated by a short 
distance, multiply the foci together and divide the product by the 
focal lengths added together less the distance between the lenses. 

Thus in the case of two lenses 6 and 10 ins. focus and 2 ins. 
apart the focal length of the whole combination would be : — 

6^x10 ^ 60 ^ .2 
'6 + 10-2 " 14 ^' 

If one of the lenses is negative, the calculation must be made with 
the focal length of this lens as a minus quantity. Thus if the 10-inch 
lens in the above calculation had been the negative the result would 
have been as follows : — 

6x -10 ^ -60 ^ 10 
6-10-2 - 6 

If again the 6-inch lens had been negative, the whole combination 
would have had a negative focus. Thus : — 

- 6 X 10 - 60 



-6x10-2 



= 30. 



Generally, however, one wants to work out these calculations rather 
differently, viz., to find what focal length of lens is necessary to alter 
the focus of a given lens to a given extent. 
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In this case the rule is: — Multiply tlie focus of the lens to be 
altered by the focus desired and divide the product by the original 
focus less the focus desired. 

Thus : What focus lens is necessary to reduce a 10-inch lens to 6 ins. 
in focus? 

10x6 60 



10-6 4 



= 15. 



This is not quite accurate, because it neglects the separation between 
the lenses. In the above case the correct formula would be — 

10 X 6 - 6 X distance of separation 

10-6 • 

In the case of a landscape lens this difference can be neglected ; in 
the case of a doublet lens the added lens is fitted between the two 
component lenses. According to C. Welborne Piper it is safe to take 
its separation as equal to half the extreme length of the doublet, 
when the two combinations of the doublet are of equal length. 

The best form of extra lens for use within a doublet is a double 
convex or concave, and, like other supplementary lenses, it should be 
thin, otherwise the optical properties of the original lens will be upset. 

The question which troubles many is from what points the distance 
between the lenses must be reckoned. In accurate work the distance 
of separation must be calculated from the node of emission of the lens 
nearest the light to the node of admission of the extra lens, or vice 
versa if the extra lens is placed in front. Nodal points are treated 
in [4], Chapter II. and Chapter XVII., from which it will be seen that 
the nodes of a single meniscus lens are close together slightly behind the 
lens ; those of a symmetrical doublet fairly close together near the dia- 
phragm ; those of a periscopic doublet some distance in front of the lens. 

How to find the position of these nodal points is described in 
Chapter XVII. 

[3] " Magnifiers,''^ mentioned above, are wrongly named. They do 
not give a magnified image of the object : they merely shorten the 
focal length of the lens so that with the same distance between the 
latter and the plate, objects quite close to the camera will be rendered 
sharply. The rule for finding the focal length of the extra lens for 
fitting in front of the ordinary lens, focussed on an infinity, is very 
simple. It is : — To bring close objects into focus, fi/x before the lens 
a thin lens of focal length equal to the distance of the object. Thus 
for objects 2 ft. away a lens of 24 ins. focal length. This rule can 
be worked out from the formula given above. 



CHAPTER X. 



THE TBLBPHOTO LENS. 



[1] What the Telephoto does. — In Chapter XII. it is shown that 
focal length determines the size of the image of any object. Large 
image — long focus lens, and therefore long camera extension. The 
telephoto lens supplies the way out of the difficulty of very great 
camera extensions. With it distant objects can be photographed on 
a scale which, with an ordinary lens, would require a bellows several 
feet in length. Its advantage is felt not alone in photographing dis- 
tant objects. In making large copies of small and close objects it 
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Fig. 107a. 

gives the operator the great advantage of taking a more distant point 
of view, thus getting better perspective rendering. Technically the 
telephoto lens is an objective whose equivalent focal length is very 
much greater than its back focal length. A reference to these terms 
in Chapter II. will fill out this definition. Here, however, is a brief 
explanation for the beginner. 

[2] Principle. — A negative lens, we know, makes parallel rays of 
light divergent (fig. 107a). In other words, the rays R^ R.^ Rg R^ 
proceed on their way through the lens as though they had come from 
the point F, which is the focus of the negative lens. The eye placed 
at this point perceives a "virtual" image, but such an image cannot 
be received on a surface. 
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^NTow if a converging beam of light falls on a negative lens one of 
three things may happen according to the power of the lens. (1) 
The beam may be rendered divergent ; (2) it may emerge as parallel 
light ; or (3) it may pass on as a less convergent beam. This third 
event is shown in fig. 108, in which parallel rays of light are first 
converged by the positive lens P, and are afterwards made less con- 
vergent by the negative lens. Without the negative lens they would 
have come to a focus at Fj somewhere between the plate B and P, 
•corresponding to the equivalent focal length of tlie lens P. If now 
we trace back the rays forming the focus at B along straight lines 
we shall find that tliey do not meet the parallel light which first 
•entered the lens until a point is reached a long way in front of the 
positive lens P — mucli further, in fact, than is indicated in the figure 
by the point A, which for tlie sake of clearness has been placed far to 
the left. Thus we see that l)y introducing the negative lens we are 
virtually working with a lens of very long focus, altliough tlie camera 





Fig. 108. 

•extension is very little in excess of that required for the lens P alone. 
In other words, this combination, the telephoto lens, has its nodal points 
a long way in front of the lens — i.e. it possesses a great equivalent 
focal length compared with its "back focus" (camera extension required). 

[3] Variable Focal Length. — Now by moving the negative towards 
or away from the positive lens we alter the focal length of the whole lens. 
The smaller the distance between negative and positive the greater the 
magnification of the image. Thus we have in the telephoto a lens 
which gives many focal lengths merely by turning a rack and pinion. 

[4] The Positive for Telephoto Work. — At the j)resent time tele- 
photo attachments are supplied mostly for use with standard positive 
lenses. It is necessary that the latter should be of good quality and 
large aperture (not less than /8), because any optical a})errations are 
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magnifled by the n^ative lens, and the rapidity is likewise decreased 
by the negative attachment. A portrait lens is suitable for telephoto 
work, though for general work an anastigmat 
of large aperture is best. Carl Zeiss makes a 
special telepoaitive single lens of great rapidity 
(/3). {See fig. 109.) Its advantages are small 
bulk, lightness, and fewer reflecting surfaces than 
the double anastigmat. It is, however, not quite 
so suitable for architectural work as a double 
lens. The possessor of a good rapid rectilinesir 
or aunstigmat can have a negative attachment 
fitted. The negative lens is usiially mounted 
in a briiss tube which screws into the ordinary 
flange on the camera front. The hinder port 
of the tube projects into the camera and carries 
the nf^ative lens ; the positive lens is screwed 
into the front. Fig. 109a shows the mount 
F[o. 109. aiipplied by J. H. Dallmeyer, Ltd. ; it is typical 

of those of other firms. 

[5] Choice of Negative Letts. — The focal length of the negative 
element compared with that of the positive determines the magnifi- 
cation of the imago given by the positive iens, for a certain fixed 
camera extension. The shorter the focus of the negative lens the 



greater the magnification. A negative lens of one fuiirtli tlie focus of 
the positive may be called a high power. Its advantage is tlie lesser 
camera extension required : its disadvantage, its lesser covering power. 

A negative tens of half the focus of the iwsitive (or more than 
half) may be called a low power. To produce a given magnification, 
greater camera extension is needed but covering power is greater. 

The selection of the focnl length of the n^ative element in regard 
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to the positive therefore depends on one's requirements. For high 
nia^iiiiication in compact form, as in a telephoto hand camera, we 
eliall choose a high power, say negative focus one .third of positive 
focus. For architectural work where small magnification and good 
covering power are demanded, we shall select the negative one half or 
iiioi-e the focus of the positive. For general work a moderate-power 
negative about half the focus of tlie positive is recommended. 

With tile exception of that supplied by J. H. Dalliuejer, Ltd., the 
negative elements of the leading makers are cemented combinations 
of three or more lenses. For particulai-s see the makers' lists. 

Pbopbrtieb ok thb Tklbi'hoto Lbns. 

[6] Modification. — The term magnification is used to denote the 

number of times the imi^'o given by a telephoto lens is larger than the 

image given by the iicisitive lens alone, linear enlargement being 



KiG. 110, 
meant in both cases. Thus a telejihoto reproducing a line as 12 
ins. which with positive lens apjjeared as <iiily 3 ins., would be said to 
have a magnification of 4. 

^lagnilication depends on the separation of the negative and 
giositive lens ; the nearer the two lenses the greater -the magnification. 
!Many makers engrave a scale on the mount of the lens showii^ the 
magnification. See fig. 110, a Beck-Steinlieil objective. 

To find the magnification, divide the distance of the negative 
lens from the ground glass by the focal length of the negative lens 
and add 1. Expressed in formula form : — 

M . 5+1. 
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Example: Dij^tance from ground gla^ Im negative lens^ 12 ins.; 
f^jctiij of negative lens, 3 ins. Magnification 12-=-3-*-l=5. 

[7] Focal Length of Tdephoto System. — It is often ven- useful to le 
able to calculate this from the focal lengtlis of negative and positive 
and the camera extension. The following is the formula : — 

p _ ?/t E +.f ^ 

"s * '' 

Where F = f^x^l length required : 

m = ratio of focal lengths of jiositive and negative lens, i.e. 
number of times focal length of negative divides 
into positive ; 
/j = focal length of positive ; 
X = ratio of original object to image. 
Tlius in a positive element of 10 ins. with a 4-inch negative, an 
extension of 24 ins. and a same size reproduction — 

F = * ^: \ = 20 inches. 
2i + l 

Other useful formulae for the focal length of the whole system 
are : — 

Where M is the magnification due to the negative lens and /^ the 
focal length of the positive. 

Also F = mE +/i ; 

w, E and/j being as al>ove. 

[8] Covering Powei\ — Unlike positive lenses the covering power 
of the telephoto is reduced by inserting a smaller stop. The diminu- 
tion is not very great ; and if the edges of the field are seen to be 
black, the plate can be properly covered by increasing the magnifica- 
tion as mentioned in the next paragraph. The following approximate 
formula for calculating the field covered is given by T. R. Dallmeyer 
(TelepJiotography, p. 86) : — If dy^ be effective aperture of positive 
lens ; (ig diameter of negative lens ; /j and /g the focal lengths of 
positive and negative lenses, and E the camera extension — 

The diameter of field = -' x ^A±^\ 

Thus if d-^ - |in. ; d^, \\ in. ; /^ 6 ins, ; /g, 3 ins. ; and E, 9 ins. 



Diameter of field = ^(^ "" ^^J* "" ^) = \0\ ins. 
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It is useful to know the smallest disc covered when a lens is 
stopped down to a given extent. This mininum diameter is given 
by the following formula, also by Mr. Dallmeyer : — 

Minimum diameter of field = (M - 1) ( {^-"^ , \ where M is the 

magnification. 

Thus to find how small the field becomes when the positive lens in 
the previous example is stopped down — 

Tlie diameters of discs necessary to include plates of standard size are 
given in [1], Chapter III. 

Magnification increases covering power enormously. If, therefore, 
we find the edges of the field uncovered, a slight movement of the 
negative lens toward the positive will at once put matters right. See 
pages 110 and 111. 

[9] Depth of Focus. — When photographing objects fairly close to 
the camera, as in portraiture, the telephoto lens compares advantage- 
ously with an ordinary positive lens. It possesses greater depth of 
field — i.e. when one point in the object is focussed sharply, the points 
also rendered sharp are further away in each direction from this point 
than would be the case ^vere an ordinary positive lens of the same 
ecpiivalent focal length being used. 

This difference disappears when photographing very distant objects. 
The advantage of the telephoto lens in this respect is most conspicuous 
when using it for portraiture or other objects fairly close to the camera. 
For the methods of calculating the comparative depths of field given 
by the telephoto lens and a positive lens giving the same sized image 
the reader should consult Teleplwtography, by T. R. Dallmeyer, pp. 99 
to 113. The mode of calculation is to first ascertain the scale of image 
given by the positive lens alone. This will tell us the magnification 
needed to produce an image equal in size to that given by the 
positive lens of long focus with which we are making comparison. 
In then working out the depths of field (see Chapter V.) we must 
adopt a circle of confusion of such diameter that when multiplied by 
the magnification figure the result is not greater than the standard 
^g^r®> TWG ^^ ^^^ inch. This for sharp pictures ; in portrait and 
other pictorial work a greater circle of confusion would be admissible, 
because the picture is not closely examined. 
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[10] Angle of View, — ^The photographer should note that provided 
his plate be large enough to receive the highest magnified image given 
by his telephoto lens, the angle of view is the same whatever the 
magnification : the image produced by the positive lens is simply 
more or less enlarged by the negative attachment. 



Exposure in Tblbphotography. 

[11] Rajpidity, — The greater the magnification the less the rapidity 
of the telephoto lens. The relation between the two is very simple. 
To find the / number of the whole telephoto system, divide the / 
number of the positive lens by the magnification. Thus if the 
positive is being worked at /1 1 with four times magnification, the 
real rapidity is /44, and exposure must be given on this basis. To 
put the same thing another way. If you know what exposure you 
would give with a certain stop, you must multiply the number of 
seconds by the square of the magnification. Thus if 5 seconds would 
be right for the positive lens alone, 5 x 4 x 4 (or 5 x 16 = 80) must be 
given when magnifying four times. 

According to Frank B. Dobbins, the author of Tlie Photo Miniature, 
No. 30 (an excellent brief treatise on practical telephoto- work), correct 
exposures are obtained in half the time indicated by the above rule. 

It will be interesting to hear the opinions of other workers on this 
point. Probably atmospheric conditions have a good deal to do with 
the discrepancy : Mr. Dobbins* exposures were made in America. 

In the case of some telephoto attachments the magnification is not 
engraved on the mount. It must be found by the simple rule given 
in [6]. 

[12] Focussing in telephotography can be done by moving either 
the ground glass screen or the negative lens. The latter is the more 
sensitive movement, and in view of the small apertures generally 
necessary, is to be preferred. 

The proper course is to decide first what magnification shall be used, 
to set the negative attachment scale to this figure, and to rack the 
camera back also to the right point. The rule for camera extension 
is as follows : — Subtract one from the magnification and multiply by 
the focal length of the negative attachment : the result is the distance 
from negative lens to ground glass. Thus, with 3-inch negative lens 
and magnification of 5, distance between negative lens and screen 
must be 12 ins. — i.e. (5 - 1) x 3= 12). As the negative lens usually 
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projects an inch or two into the camera, the camera extension is 
always a little more than this. 

Having got negative lens and screen into position, final focussing is 
done by moving the negative lens. 

There is one little point which helps in getting sharp pictures. A 
partial turn of one of the lenses of the positive objective frequently 
improves the definition. A quarter or half turn is generally enough. 
Certain rapid portrait lenses have a special adjustment to serve this 
same purpose. 

[13] How miich to stop down. — Theoretically no lens should be used 
at a less effective aperture than/71 (Lord Rayleigh), but the effects 
of diffraction which should make their appearance at this and smaller 
apertures do not trouble in actual practice. For the sake of rapidity, 
however, it is well to use as large an aperture as possible. 

It is well to be content with moderate magnification. The less 
magnified image does not call for such high optical quaHties in the 
positive lens, and the shorter time of exposure diminishes the chance 
of unsharpness from vibration. A telephoto lens is like an optical 
lantern : you can project a 20-feet picture with an oil lamp, but it is 
more satisfactory to make the disc 6 ft. diameter. 



Apparatus for Telephoto Work. 

[14] Camera and Tripod deserve a few words, because on them 
much of the success depends. The camera should be one of the 
square bellows pattern with a rigid front and a movable back. As it 
will generally be used at full extension, its rigidity when thus extended 
is important. This is more easily accomplished in the square back- 
racking camera. The tripod should be of solid construction with a 
large top. 

[15] Fo7- architedurcd work, such as the photographing of detail, 
the camera back should possess very ample swing. A tilting board 
also is almost a sine qtcd nan. Few cameras possess the necessary 
range of swing, and we tlierefore quote P^nest Marriage's device for 
getting the necessary movement from The Photogram, 1898, p. 10. 
Mr. Marriage says : — 

" Figs. Ill and 112 show how this amount of swing can be arranged 
for in such a way that there are no projecting stays when the camera 
is closed. 

** A, B, C and D are binding screws. The slotted stays are filled in 
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black. The stmt/ is only dotted in for convenience ; it has to be bent 
in the middle (as shown at the side), in order to clear the clamp C. 
The clamp A in fig. Ill is shown screwed into a socket out of the 
way; when in use it is screwed in at the hole A^. Fig. 112 shows 
the position of the camera back and stays when the back is swung 
30*. For a slight amount of swing it is not necessary to alter 
the positions of the screws ; the stay H should be pushed for- 




Fig. 111. 

Sketch of 74 X 5 in. camera. 



Fig. 112. 
Quarter natural size. 



ward as far as it will go, but otherwise the arrangement in tig. Ill 
can be adhered to. 

" A telephotographic lens requires rather different treatment from 
an ordinary positive lens, on account of the narrow angle of view it 
embraces. It will always be found best to keep the telephotographic 
lens opposite the centre of the plate. To photograph bits of archi- 
tectural detail above the camera it is therefore necessary to tip the 
camera (preferably by means of a tilting table) and swing the back to 
the perpendicular, instead of resorting to the usual expedient, and 
simply raising the lens. A telephotographic lens used with a moderate 
camera extension does not cover a large plate ; it is, therefore, not 
practicable to raise the lens much, but the camera back may be swung 
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over 20* without seriously affecting the definition, if the positive lens 
is stopped down to /1 6 or/22. 

[16] Tilting Table, — "In practice it pretty soon becomes obvious 
that some means of tilting the camera other than altering the legs of 
the tripod are required. A ball and socket joint between the camera 
and stand is useless for this class of work ; a tilting table is much 
more reliable. Fig. 113 is a diagram of the most convenient form, 
showing the table in two positions. The stay c is slotted, so that 
the points a^ and b^ can be brought as near as may be required ; the 
clamps at a and b slide freely along their respective slots in the sides 
of the table, so that an angle of 90° is finally obtained. This 




Fio. 113. — Tilting Table. Quarter natural size. 

tilting table is a great improvement on ccmimercial patterns that have 
hitherto been obtainable, and the plan was suggeste<l to me by 
Alexander Maekie, F.K.P.vS." 



Working Methods in Landscape, Architecture and 

Portraiture. 

[17] The state of the atmosphere is an important factor in getting 
crisp telephotograms. Wind causing vibration of the tripod is not 
alone responsible for blurred images. Currents of water, vapor, or 
heated air between the lens and the object affect the definition of 
the lens. An instructive experiment quoted by Dr. Paul Rudolpli 
is worth making :—" Take a photograni of an engraving or etching 
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after carefully focussing, and you will probably obtain a fine negative. 
Repeat the experiment without making the slightest alteration in your 
adjustments, but on the floor between the object and the objective 
plaxje a lighted candle. The result will be* a partly or entirely blurred 
negative. The explanation of this experiment lies in the variation of 
the density of the air caused by the rising heat of the candle." 

" Similar failures," continues Dr. Rudolph, " may occur if a photo- 
gram be taken of a landscape or of buildings through a window from 
which a current of the warm air of the room is passing, and the same 
happens if the hot air above a chimney should rise between the 
objective and the object. Success in telephotography therefore 
depends very often upon extraneous circumstances, and even with the 
greatest care it is not always possible to avoid failures. Landscapes 
and distant buildings should therefore be photographed only when 
tlie air is calm and clear, but hot days should be avoided." 

On this point also we make room for the following weather hint 
from Pi-actical Notes on Telephotography (R. & J. Beck, Ltd.) : — 

" To judge of the clearness of the atmosphere is not always so easy 
as might be supposed ; a brilliant sun, even on a slightly hazy day, 
may give an impression of superabundance of light which will be 
misleading. The best method of judging is by examining distant 
black shadows, and if they appear jet black, without a tendency to 
greyness, and sharply defined, it is a clear day; should they seem 
grey and not cleanly cut, it is a sure sign of mist in the air." 

A yellow-light filter is an aid to sharp definition in misty weather ; 
. and in the experience of some workers does not require so great an 
. increase of exposure as when used for photographing near objects. 

[18] Lack of contrast is a defect often found in telephoto 
negatives. It is due to the general haze transmitted by the lens. 
Backed plates and slow development for a strong image are two 
helps to be borne in mind. 

[19] In interior work one of the most common difticulties in 
photographing is that with the low magnification necessary the plate 
is not covered : a higher magnification gives an image too large for 
the plate. The remedy is to take a standpoint further away. 

The color of stone or bronze detail-work of which telephotograms 
are made may immensely affect the exposure : deeply recessed carving 
likewise requires longer exposure. 

[20] In Portraiture. — To photograph heads life-size it is necessary, 
as every photographer knows, to have the lens midway between the 
sitter and the plate, the distance on either side being twice the focal 
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length of the lens. Therefore with a camera of 40 ins. extension^ 
the longest focal length which can be used is 20 ins., and the distance 
from lens to sitter must likewise be 40 ins. This, as most know^ 
is much too near for a proper perspective rendering of the features. 
Yet the man who is tied down to one camera cannot do otherwise, 
even if he possess a lens of greater focal length. 

A telephoto attachment, however, enables him to take up a more 
distant standpoint and to prodCice a life-size liead with the same or 
shorter extension of camera. 

For suppose we combine this same lens with a 5-inch negative 
attachment. We can place the camera so as to give an image one 
sixth the size of the original with the positive lens used alone, and 
we can place the negative lens so as to magnify six times. 

The result will be the same as before — viz., life size. But the 
distances from sitter to lens and from lens to plate ? The first will 
be 20 X 7 = 140 ins. : the second will be 5 x (6 - 1) = 25. Thus we 
see that using our lens as a telephoto we can take a position which 
gives a far more pleasing perspective, and we require only about twa 
thirds of the camera extension. 

The / number of the lens when using it thus at close quarters is 
larger than is indicated by the number on the positive lens x the 
magnification. In order to find it, proceed as follows : — Ascertain 
first the equivalent focal length of the whole lens (used at the magni- 
fication actually being employed) by the formula in [7]. Note also the 
camera extension required when focussing on a distant object. Note 
now the camera extension when focussing at close quarters : it will 
be greater than the extension for infinity by a certain amount ; add this 
amount to the equivalent focal length, divide by the effective aperture 
of the positive lens and you have the / number of the whole lens. 
The " effective " aperture is always a little larger than the real aper- 
ture. See [7], Chapter lY. - • . 

As mentioned in [9], depth of focus is much greater with a tele- 
photo lens used thus than with an ordinary lens giving the same 
sized image. 

[21] The "Adon" lens (J. H. Dallmeyer, Ltd.) consists of a large 
aperture positive lens and a high power negative lens fitted in to- 
opposite ends of a mount the length of which is adjustable. The 
lens thus acts as an ordinary telephoto, but in addition can be fitted 
on to the hood of an ordinary lens, which then gives an enlarged 
image with the same camera extension. This fact makes it a valuable 
adjunct to the fixed-focus hand camera. Moreover, owing] to the 
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large aperture of the front positive lens of the " Adon," the loss of 
illumination when an ordinary lens is converted into a telephoto by its 
addition is less than when a negative attachment is used behind. In 
some cases the original rapidity of the ordinary lens remains undimin- 
ished: fig. 114 shows the "Adon" as used to give increased size of 
image at the ordinary camera extension. A is the ordinary camera 
lens, B the positive, and C the negative lens of the " Adon." When 
the distance between B and C is equal to the difference between the 
focal lengths of these, the whole lens transmits parallel rays, so that 
the focal plane of the lens A is not altered. But the image produced 
is magnified in the proportion of the focus B to that of C — i.e, if 
B is twice the focal length of C the image is magnified twice (linear). 




Fig. 114. 

By bringing B and C nearer together the rays passing through C 
are divergent, and therefore a larger image than before is produced 
further away than F. The illumination is less. 

By separating B and C further than required to transmit parallel 
rays the image is received nearer the lens than F. The magnification is 
now less, but the illumination greater than in the normal position 
shown in fig. 114. With the lens arranged thus an enlarged image of 
objects near to the camera may be formed at the focus of the lens A — 
i.e, at F. This, again, is of importance to the fixed-focus hand-camera 
worker. 

The field covered by a lens fitted with an "Adon" attachment 
depends on the character of the lens. Lenses in which the compo- 
nents are widely separated will not cover their full size of plate at 
the "infinity" focus. By adjusting the separation of the "Adon" 
and the camera extension in accordance therewith, the whole plate 
can be covered. The circle of illumination given when the " Adon " 
is used alone is considerably greater. 



CHAPTER XL 

CHOOSING A LBNS. 

[1] Tlie price of a photographic lens ranges from half a crown — 
for which sum a good spectacle lens can be bought — to many pounds. 
Putting aside for the moment the portrait lens — which is a special 
instrument for a special purpose — we may state roughly that the money 
expended on a lens secures great efficiency in one or more of the 
following points:— (1) Rapidity. An ordinary spectacle lens must be 
stopped down to /22 or thereabouts to give reasonably good defini- 
tion; a view lens will work well at from /1 6 to /ll ; a double lens 
(R.R.) has an aperture of /8; most of the anastigmats work at /6, 
and some, such as the Unar and Protar, at/4'5 and/3'6. For some 
work, e.g, hand camera, the extra rapidity of the expensive anastig- 
mat is worth all it costs : for other, e.g, architecture, it is not. But 
the claims of the anastigmat concern also the other factors in the 
price. 

(1) Freedom from aberrations when used at the largest aperture 
supplied. Most lenses give reasonably good pictures when stopped 
down considerably. The ability to give — at full aperture — negatives 
which will stand subsequent enlargement is a property which can only 
be secured at increased cost. See the tests which an ordinary R.R. 
lens — anastigmat — ought to pass (Chapter VIII.). 

(2) Covering a plate of larger size. — Many lenses when stopped 
down cover a much larger plate than at full aperture. This is true 
of nearly all the modern anastigmats which can thus be used as 
"wide angle lenses." For example, the writer ordinarily uses an 
anastigmat of 5J ins. focal length (intended for a quarter-plate) on 
a half plate which it covers' perfectly at /16 : stopped down to /32 
it covers a 10 x 8. To the architectural photographer this is a very 
valuable property. It is not possessed by view lenses, and not to a 
great extent by double lenses of the ordinary type. 

113 8 
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(3) Several focal lengths with the one lens. — Each component of a 
rapid rectilinear has a greater focal length than the whole lens — 
generally about twice the focus of the whole lens. A lens which can 
be taken to pieces and its front and back combinations used in this 
way as landscape lenses of long focus is called " separable." At the 
present time opticians are making lenses which are "unsymmetrically 
separable " — i.e. one combination is only one and a half or one and a 
quarter the focal length of the whole lens, whilst the other is twice 
the focal length. Thus the purchaser of a 6-inch lens gets, say, a 
9-inch and a 12-inch single lens. Some lenses are not separable in 
this way; others can be thus used if the single lenses are stopped 
down; others allow the single lenses to be used with the largest 
apertures in the mount. The makers* catalogues generally state 
whether lens is separable or not. N.B. — The reader' should note 
that the / numbers on the mount have other values when the single 
lenses are being used. (See Chapter IV.) Some makers mark a 
double scale on the mount. 

(4) Flatness of field means an increased price. There are still 
some who write of the virtues of the lens with a round field, and it 
is a fact that this defect functions advantageously in certain cases. 
But, generally speaking, it is well to know that an object which is 
in focus at the centre of the plate would still be sharp if the camera 
were shifted round so that it fell at the edge of the plate. 

The above facts will help the purchaser to decide for himself. 
If he essays landscape work pure and simple, he may find a set of 
spectacle lenses or a single achromatic lens sufficient. But for 
rapidity and critical definition, he must get the more expensive 
anastigmat. The cost of the latter is somewhat discounted by the 
facts mentioned above, that they generally cover at a wider angle 
when stopped down, and that they are often separable into per- 
fect landscape lenses. We will now briefly refer to the use of 
lenses of various types, referring the reader for futher details to 
Chapter VIII. 

[2] The spectacle lens is usually about 1 J in. in diameter, and can 
be obtained of any focal length from 6 ins. upwards. It is used with 
a fairly large stop (/16) and allowance made for the fact that 
the image seen sharply focussed on the ground glass is not rendered 
sharply by the plate. This allowance is made in several ways : — (1) 
The camera is racked in a httle after the picture has been focussed. 
The exact distance is ^^^ of the focal extensions when the lens is 
focussed on objects a long way off. (2) A much more convenient 
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metbod is that of Rol)ert H. Bow. When focussing, a weak and thin 
convex lens is inserted behind the spectacle lene. The strength of 
this supplementary lens is such that it reduces the focal length of the 
spectacle lens by the j'^- mentioned above. Before exposing, it is 
removed and the plate is of course in the right position for a sharp 
image. The focal length of this supplementary lens is usually forty- 
five to fifty times that of the lens to be corrected. 

When isochromatic plates and a yellow screen ate used, this 



correction is not necessary. In fact, with certain screens and plates 
it results in iuzzy images being obtained. In this case the simple 
plan of exposure after focussing without any correction can be 
followed with satisfactory results. 

In portraiture, copying, etc., the correction mentioned above 
becomes more than one fortieth of the actual focal length, and when 
copying objects same size as tht; original (say a life-size head), the 
correction becomes as much as one twenty fifth. Various rules and 
tables have been published, but the following from T/ie Photot/ram is 
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perhaps the simplest. The tirst line gives the ratio of image to 
original ; the second gives the necessaiy corrections. 

Ratio ■ ■ Idfi.,. ^„ i A A i A /. t A f 

Oorrection % 2 22 2-4 26 28 3 3-2 3-4 3-6 38 4 

This percentage correction is on the actual, and not on the 
eqiaivalent focua of the lena. For instance, with a lens of 12J-inch 



focus, the correction for distant ohjects (infinity) would he 2 per cent, 
of 12j-inch or ^ inch ; while the correction for the same lens, when 
copying life-size, would be 4 per cent, of 26 inch, or one inch. 

The examples on pages 115 and 116 by W. Thomas show that sharp 
pictures can be obtained (fig. 114) with the spectacle lens as well as 
the diffusion of focus seen in fig. 115. In portraiture this diffusion is 
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an advantage, as witnesa the bit of work by Miss Evelyn Boden (fig. 
116). 

[3] Spectacle Lentet in Caskets. — Uncorrected or spectacle lenses are 
put up by several makers in very convenient casket forma. A set of 
lenaes, each in its own brass cell, is supplied with a mount into which 
they are screwed. The range of focal lengths is very great, as will be 



seen from the table on next page issued with the Busch casket of 
seven lenses. 

One of the disadvant^es of caskets is, that when lenses of different 
foci are used in the same mount, the position of the diaphragm is at 
its best for one focus only. ^VTien only a few (say three) different 
foci are needed this difficulty may be easily overcome, as it has been 
in the case of Wray's caskets This had a great vogue at one time, 
and it is difficult to account for the change of fashion — it is certainly 
no fault of the apparatus — which has led to its being practically 
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neglected. The lens-tube, of brass or aluminium, extends tele- 
scopically by a single slide, and is closed when using the shortest focus 
lens, partly extended for the medium, and fully extended for the long 
focus. Three uncorrected (" spectacle ") lenses are supplied, one in 
the back of the mount, the others in a leather case, and the diaphragm 
is an iris, marked with a separate set of / numbers for each lens. 
The half -plate set has lenses of 6J-inch, 9-inch, and 12-inch focus. 

The general conclusion on these caskets is that they need a little 
more care in use, and cannot of course give the supreme results 
in the way of definition rendered by more expensive lenses. But 
they are extremely useful, and we should advise every man who 
is beginning photography, or who has one lens and wishes to buy 
another, to take one of these caskets instead of a single lens. He 
will eventually want more perfect tools, but, meanwhile, he will gain 
a knowledge of the use of lenses generally, which is impossible to the 
man who only uses complete lenses, and he will gain a versatility in 
selecting subjects, and in arranging his subject within the space of 
the plate, that will be invaluable in picture-making. The price of a 
casket of spectacle lens varies from £1 5s. to £3 3s. 

[4] The view lens (known also as the " landscape " or " single " 
lens) consisted until recently of a meniscus lens cemented to a negative 
correcting lens. It usually worked at /1 6, although more rapid lenses 
have been made by Dallmeyer. Its simple construction permitted 
the removal only of chromatism and spherical aberration and not of 
astigmatism. Now, however, single lenses are made which give 
a practically anastigmatic field over a wide angle at fair rapidity — e,g, 
the Zeiss convertible single anastigmat (Series VII.), which covers an 
angle of 85' at 12-5. See "New Achromats," [14], Chapter VII. 

Now, too, single lenses giving far less distortion are available, 
especially when they are fairly long in focus. 

This indeed is the sole condition for using single lenses for all 
purposes. They give a barrel shape distortion at the edges of the plate, 
which, however, is of no importance in landscape work. In 
architecture, where it would be a serious drawback, it can be avoided 
by selecting a lens of such focal length that the edges of its field fall 
outside the plate. 

The single lens is excellent for portraiture, especially of large heads. 
J. H. Dallmeyer, Ltd., supply a special type of their rapid (long focus) 
landscape lens for this purpose: it works at /lO. Very often the 
possessor of a view lens can improve it for the purpose of portraiture 
by opening out the apertures. See [5], Chapter XII. 
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[5] The Rapid Rectilinear Lens, also known as doublet, etc., does not 
distort like the single lens, is more rapid, working at /9 or /8, and 
owing to its greater number of glasses can be more perfectly corrected, 
so that except for astigmatism it is generally free from the various 
defects mentioned in Chapters VI. and VII. When stopped down it 
will usually cover a plate somewhat larger than that covered at full 
aperture. 

The two components of a rectilinear can be used as single lenses 
of double the focal length or thereabouts, though small stop must 
generally be used. This is a point which should often decide the 
choice of a lens. The long focus is an advantage in landscape work ; 
but very often the purchaser of a R. R. finds that his camera will 
not extend far enough to enable him to use the single combination. 
Hence here is a useful rule when buying a R. R. : — " Choose a 
doublet of such focal length that your camera will just accommodate its 
single combinations when focussed for moderately distant objects." 

The R.R. has been truly called the " universal " lens, because it is 
fairly suitable for all kinds of work ; and for the photographer who is 
restricted to one lens the R.R., or its more perfect form the double 
anastigmat, is the best all-round lens. 

[6] The Anastigmat (known also by many titles, such as Stigmatic 
Plastigmat, Platystigmat, etc.). — The chief advantages of a lens of this 
kind over a rapid rectilinear are rapidity (/6, /4), extremely fine 
definition over a very wide flat field and at a large aperture, portability, 
and freedom from the chief defect of the R.R. astigmatism. 

The great covering power of the anastigmat is an immense advantage. 
The front of the camera may be raised to any extent without fear of 
leaving the bottom of the plate uncovered ; and the lens can be used 
to include a very wide angle on a larger plate. 

The great flatness of field and large aperture of the anastigmat 
together call for greater care than is usually given to the fitting of the 
lens in the camera; otherwise the lens may appear inferior to an 
R.R. The plate should be as parallel as possible with the camera 
front; if it is not, the sharpness of the image in some parts is 
sacrificed; the plate, too, must come into the same position as the 
focussing screen (see Chapter XIII.), or the results may be wofully out 
of focus. We are speaking now of the anastigmat used at its full 
aperture. When stopped down, these refinements of adjustment are 
no more necessary with it than with the R.R. 

The fineness of definition of the anastigmat qualifies it especially 
for negatives which are to be enlarged. 
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To the user of the small camera who wishes to get the sharpest 
possible enlargement it is invaluable. 

As regards choice of the focal length of the whole anastigmat and 
of its two components (when they can be used separately), readers 
should consult the makers' lists. 

[7] The Wide Angle Lens. — In Chapter III. we explain what is 
meant by the term "wide angle lens," about which much miscon- 
ception has existed. At the present time the double anastigmats 
when slightly stopped down constitute our best " wide angle lenses," 
and for obtaining views in confined situations are extremely valuable. 

The position of the camera in relation to the subject is of great 
importance when a very wide angle is being included on the plate. 
It is easy to get an exaggerated and grotesque perspective. Some- 
times this can be avoided by a proper choice of position. Sometimes 
it cannot. 

The following notes and photograms by F. J. Allen, M.A., M.D., 
are given here (from The Photogram, November 1901) as bearing on 
this point : — 

"The unpleasing perspective of a wide angle view is not caused by 
a defect in the lens, but is in the nature or position of the subject 
photographed, which the lens reproduces in mathematical perspective. 
Nevertheless, a wide angle lens has a defect : it is contrived to give 
good average definition over a large area; but in order to secure 
definition at the margin as well as the centre of the plate, the surfaces 
of the lens have to be so modified that the focus is nowhere absolute. 
Therefore a narrow angle lens is preferable when minute detail has to 
be rendered. 

" In explaining the apparent anomalies of wide angle views, certain 
points in the physiology of vision may assist us. The human eye 
embraces an enormously wide angle of view, only a little short of 
180° or a hemispherical panorama. Such a view is far beyond the 
reach of the widest angle photographic lens, and could only be taken 
on a spherical concave surface. But the retina has such a surface ; 
and for this and other reasons about to be mentioned, we get a 
perspective in the eye which is very different from that produced on 
a flat plate. There are anomalies in both cases, but they are opposite 
in kind. 

"Fig. 117 is an outline of a section through an eye, with lines 
showing approximately the direct path of rays of light. The lines 
Bb and Gc include an angle of 90**, which would be wide for 
photographic purposes, corresponding to that of a 5-inch lens used on 
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a 10-inch circular plate. But such an angle is narrow for the eye ; 
the lines Ddy Ue, include an angle of 160", which is well within the 
capacity of the retina. The position of the retina, occupying the 
inner surface of the eyeball, is indicated by the outline; while the 
horizontal line at the bottom of the diagram represents the relative 
position of a photographic plate, if that were used with the same 
lens. It will be seen that the image on the retina must differ widely 
from that on the photographic plate. For instance, the angles a of, 
c ofy are equal, and the parts of the image included in these angles 
should also be equal ; but on the retina the outer angle covers less 
surface than the inner, while on the flat plate the reverse is the case, 
cf being distinctly greater than af. The discrepancy increases 
toward the margin of the view, so that the angle eoe covers a narrow 




space on the retina, whereas on the plate it would reach some inches 
beyond the diagram. 

" Again, the retinal image is out of focus in every part except the 
very centre of vision, a in the diagram. To secure a symmetrical 
and evenly focussed image the retina would have to be in the 
position of the dotted line, everywhere equidistant from the optical 
centre, 0, and the lenses would have to be spherical. But our vision 
is acute only in the centre of the retina, at a small spot called the 
fovea centralis : from this spot outwards the seusitiveness diminishes 
rapidly. Thus distinctness of image and acuteness of perception are 
both limited to the middle of the retina ; and a normal eye gets a 
definite impression of the centre • of any object which it looks at, 
and an indefinite impression of the surrounding parts. As to the 
sJiape of the retinal image, that matters little : the retinal image 
is only a collection of diagrams, which the brain can interpret. 
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giving to each detail its position — not on the retina, but in the outer 
world. 

" Although the retinal image differs so much from a photographic 
one, it is possible to get a correct impression of the latter by placing 
the eye in the same relative position that the lens occupied in taking 
the picture. When, however, the same picture is viewed at a greater 
distance, the perspective is disturbed, because the peripheral part of 
the view which in nature would fall upon the periphery of the retina, 
falls on a more central part. It follows that a wide angle picture of 
small size is more unnatural than a larger picture taken at the same 
angle, which covers a larger area on the retina. So a view which 
looks absurd on a lantern slide, may become tolerable when projected 
on the screen. 

"The kind of subjects that can be taken without any peculiar 
perspective are those which lie in one plane normal to the line of 
sight. Such are not only walls, but also pavements, ceilings, slabs, 
and monumental brasses, if the camera be turned lens-upwards or 
lens-down wards as the case may require. Even the widest angled lens 
gives a symmetrical reproduction of such subjects. But any details 
not in the said plane, if they lie toward the periphery, are reproduced 
in profile. For instance, an archway near the margin will show too 
much of its inner surface, and a figure in relief will seem to project 
overmuch. 

" A special instance of this kind of distortion is liable to occur where 
a long building, seen in face, has a series of projections or recesses, 
such as piers, buttresses, or windows; the projections or recesses 
show more and more of their sides as they approach the margin of 
the picture, and this may give the impression that they, and the 
part of the building to which they belong, are slewed round and 
bent away from the observer. 

" The farther a subject departs from a normal plane, the greater 
will be the perspective displacement of its lines ; and it is therefore 
a useful rule, when pronounced geometrical forms occur in planes 
other than normal, to be cautious of placing them near the margin — 
and especially the corners — of the plate, where the displacement is 
greatest. 

" In views of exteriors it is inadvisable to get the nearer top comer 
of a building in pronounced perspective close to the margin, where 
it always looks too acute and prominent. It is often better to leave 
the corner out of the view; the wall in perspective without the 
corner may be inoffensive. 
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" One may go further and aay tliat a comer projecting forwards may 
have an offensive perspective in any part of the picture, if it be too 
near the camera. This appHea even to narrow angle views. 

" There is perhaps no class of subjects in which the perspective at 
the margins may be more difficult to man^e than in wide angle 
interior views ; and yet a narrow angle view may sometimes give 
but a poor idea of the architectural effect. To exemplify the possible 
treatment in such cases, I have made many experimental exposures 
on an imusually difficult interior, — that of Tewkesbury Abbey, in 



which a wide angle view is necessary to convey a correct idea of its 
apace, while the very tall columns and their circular capitals are 
liable to assume an unpleasing perspective.. The three views, figs. 118, 
120, and 121, were taken with the same lens, a Eoss wide-angle- 
symmetrical of 5 ins. equivalent focal length. A 5-inch lens is 
usually considered most suitable for a quart«r-plate ; but I have used 
it on a whole-plate in fig. 118, at the same time raising the front and 
swinging the front of the camera. Fig. 120 is from the same negative, 
but with so much of the margins omitted as to leave a half-plate 
print. Fig. 121j printed quarter-plate size, is taken from a different 
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point, more suitable to a narrow angle view. These three views, 
though taken with the same lens, are respectively wide angle, moder- 
ately wide, and narrow angle : each picture has perhaps its merits 
and defects, hut I should be sorry to condemn either of them ; and 
for the wide-angle view I venture to say that it conveys a more ade- 
quate idea of the building than either of the narrower angle views. 
Fig. 119 is taken with the 5-inch lens on a whole plate, the subject 



being purposely arranged to give the absolutely grotesque effect 
often noticed in commercial views of Tewkesbury Abbey. 

"When a building is photographed absolutely upright, the perpen- 
dicular lines sometimes appear to splay outwards at the top, owing 
to absence of the natural perspective convergence to which we are 
accustomed in the real thing. The wider the angle of the picture, 
the more striking is tbia illusion : it is therefore an advantage, when 
the subject will admit of it, to allow a little slant to the swing-back, 
so that the perpendicular lines may convei^e very slightly upwards. 

"Fig. 122 (Church-tower, Shepton Mallet, taken with a 5J-inch 
lens, medium angle, on a whole-plate whose comers are not quite 
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covered) shows several perspective effects which should he, and often 
ean be avoided, even in a wide angle view. The building is taken 
comerwise, ao that no part of its surface is in a normal plane. The 



corners project into the foreground, ao as to look unduly large and 
prominent. The tower being very near the camera, is so exaggerated 
in size as to dwarf the body of the church into a mere appendage. 
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The angles at the top and bottom of the tower are too peripheral, 
and are therefore rendered very acute. But it may be noticed that 
the point of view is on a level nearly half-way up the tower, so that 
the perspective displacement is equalised at the top and bottom : this 
is not so bad as when the camera is ne-ar the ground, iind the front 



raised, so as to throw most of the displacement on the upper part 
of the building. All these faults disappear, however, when the picture 
is viewed from a very near point, with the aid of a lens in the case 
of persons with long sight. 

"The arrangement of the subject in fig. 122 is, of course, unpictorial, 
and it would be preferable to select another point of view. But 
when, as in this inatance, the most desirable views are blocked, it 
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may be pardonable to take even awkward wide angle views as archi- 
tectural studies. There are other instances where narrow angle views 
can give no adequate impression of the architectural effect : this is 
especially the case with spacious interiors. It is often possible, by 
observing various precautions, some of which I have mentioned, to 
produce agreeable pictures at wide angles. And in any case it may 
be said that if a wide angle picture has an unpleasing perspective, the 
fault is not in the lens, but in the subject or the photographer." 

[8] The Portrait Lens is a special lens giving very fine definition 
at a very large aperture over a narrow angle. See [19], Chapter 

vm. 

[9] The Dallmeyer Bergheim Lens is a lens made by J. H. Dallmeyer, 
Ltd., specially for the purposes of portraiture. It is composed of a. 
single front lens of positive focus in combination with a single back 
of lens of negative focus. The distinguishing features of the lens are 
(1) peculiar dehcacy of definition, due to spherical and chromatic 
aberration left in the lens ; and (2) variation of focal length, by 
altering the distance between the two single lenses. For example, No. 
2 of the series can have focal lengths between 25 and 40 ins. (re- 
quiring camera extensions of only 15 to 22 J ins.), and works at from 
/8 to/12 according to the focal length. In order to determine the/ 
number at any given extension the makers recommend the following 
method : — Note the camera extension when lens is focussed on a 
distant object. If now focussed on the object in the studio, it will 
be found that the camera back has to be racked out ; add the amount 
thus racked out to the equivalent focus for the time being — this 
equivalent focus is engraved on the mounting of the lens for various 
separations between positive and negative elements — and the temporary 
focus thus foimd, divided by the aperture of the stop used, gives the 
focal ratio or guide to exposure. 

A similar softness of definition can be introduced with the 
Dallmeyer Patent Portrait Lenses and the Dallmeyer Portrait Stig- 
matic (Series I.) by. unscrewing the back. See also softening defi- 
nition in Chapter XIII. 

[10] The Telephoto Lens is described in Chapter X. 



CHAPTER XII. 

FOCAL LENGTH AND PBB8PBCTIVE. 

[1] Effect of Focal Lengtit. — The focal length of a lens plays only a 
secondary part in taking photograma in pleasing perspectiTe. The 
main factor is the point of view selected for the camera. This fixed, 
perspective is fixed also. No matter what lens be used, the per- 
spective rendering remains unaltered. The only result of altering 



the focal length is to reproduce the scene on a larger or smaller scale, 
the practical effect of which is to include a lesser or greater amount 
of the subject on the plate. 

First, let us give an illustration of this in practice. Figs. 123, 124, 
and 125 are all taken on a half-plate from exactly the same standpoint. 
The camera was not moved. The only difference was in the foc«I 
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length in the lenses. Fig. 133 was made vk-ith a lens of 8 ins. focus ; 
fig. 124, with about a 9-inch; fig. 125, with a 14-inch. Examine 



them closely and it will be seen that the perspective in each is the same, 
though fig. 123 is what would be called a wide angle picture. If, how- 



^1 cotit'd.] FOCAL LENGTH AND PERSPECTIVE. 131 

ever, we enlarge the central portion (outlined in white) corresponding 
to fig. 126, it ia ae«n that the two views are identical in every respect, 
save for the sun-blind, which was raised after the first plate had been 
exposed (fig. 125). So much for the fact demonstrated — alteration 
0/ focal length influences mdi/ the size of ike sultject and the amount 
included — not the perspective. 

[2] Efect of View Point.— Novi let us demonstrate the more 
important factor. Fig. 127 is a view made from a standpoint as close to 
the building as a lens capable of receiving rays over a wide angle will 
allow. Fig. 128 is from a more distant standpoint. It might have been 



photographed with the same lene and enlai^ed. Actually it was 
taken with one of longer focus, a difierence, as we have just seen, 
which afieeta only the scale of reproduction. The two pictures are 
adjusted so that the vertical height from the street to the spire over 
the clock is the same in each case. Now compare the two results. 
In- fig. 127 the building appears distorted, the right hand top comer 
appearing to bulge out; the trees appear immensely high in com- 
parison with the building, and the adjoining block looks dwarfed into 
insignificance. All this is the result of the too near standpoint. 
When, as common sense dictates, we take up our position so that we 
can view the building easily and pleasantly without looking up very 
much, we get the natural effect of fig. 128, Here, then, we lay 
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our finger on the evil of the short focus lens. It enables us to get 
photograms like fig. 127. With longer focus lenses we should be com- 
pelled to go further away. 

[3] Vieio Point and Perspective, — In order to explain exactly how 
the point of view affects the perspective of the picture, we may quote 
an admirable article by T. F. Bell in The Photo{jra7n, 1898, p. 
253 :— 

"Let a diagram be made as fig. 129, representing four upright posts 
at a distance apart, as street lamps. If the eye is at the point A, rays 
of light coming from the tops and bottoms of post No. 4 will cut the 
first post as shown at E and F, and if No. 1 post is full size on the 
picture. No. 4 post will be the height of from E to F on No. 1. If 
the standpoint is changed to B whilst the first post is kept the same 
size in the picture by means of a shorter focus lens. No. 4 post would 
be reduced, as shown on No. 1 post, by the lines dra^vn from B to 




Fig. 129. 



No. 4. Moving to C still further cuts down the distance if No. 1 is 
kept to the same size, and all parallel lines, such as the ridge and 
ground lines of houses, will be more or less cut down in this way or 
made to converge so much more quickly, according to the angle at 
which they recede into the picture, making near parts appear very 
large and distant parts very small. This is the effect of a short 
focus lens, which, if properly made, does not distort the view, as 
is often stated, but simply reproduces it from the point at which the 
lens is used. When close to the view a short focus lens is usually 
required to include it, and whether short or long focus, the perspec- 
tive will be the same. 

"It is often stated that pictures made with a short focus lens 
appear in natural perspective if viewed from a distance away from the 
print equal to the focal length of the lens used. Theoretically that 
is true, but very few people will view prints in this way. The 
advantage of the narrow angle of view (produced by a lens of long 
focus or by using only the middle of the same plate when a lens of 
short focus is used) has the advantage that the eye may move away 
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from this theoretically correct position without creating the feeling 
of false perspective. 

[4] ^^ TJie moral is that for pictorial and pleasing photography 
a lens of narrow angle is preferable because it compels the photog- 
rapher to select his view point some distance away, and prevents 
liim weakening the interest of his pictures by including too much on 
the plate. A safe rule is to have the focal length not less than the 
diagonal of the plate — i,e, 5J inches for J-plate, 7^ inches for 5 x 4, 8 
inches for J-plate, and 10| for ^-plate. But it may very well be 
much more than this; some leading pictorial workers using J-plate 
cameras fitted with lenses of 12 or 15 ins. focal length." 



CHAPTER XIII. 



FOCUSSING. 



[1] Iloio to Focus, — As explained in Chapter IV., objects at different 
distances from — and not very far from — the camera are obtained 
equally sharp by stopping down. Focussing consists in adjusting the 
position of the plate so that the desired sharpness is obtained. The 
whole of a near subject cannot usually be rendered sharply with the 
lens at full aperture. We must focus one point and then stop down. 
The beginner will ask : Which point is to be focussed ? If it is de- 
sired to get the whole picture as sharp as possible, we reply as follows, 
and refer the reader who wishes to be informed on the pictorial 
aspect of focussing to paragraph [4] and to his own taste. 

[2] Focussing sharply, — Most views consist of an immediate fore- 
ground, say a gate, and an object in the distance, say a chimney. We 
want to get both these sharply focussed on the plate, and, generally, 
we want to use no smaller aperture than is necessary to do this. We 
proceed thus : With /8 (or the largest aperture) we focus the gate 
and then the chimney. We find that we must move the lens a cer« 
tain distance, and that we cannot get both sharp at the same time. 
We put in the next stop, say/11, and again focus, first the gate and 
then the chimney. Again a distance through which the lens must be 
moved ; still impossible to get both sharp together. We go on in this 
way, inserting stops/ 16, /22 or /32, until we find that the move- 
ment for getting first the gate and then the chimney into focus is 
practically nil. As we stop down, the picture becomes darker, and in 
order to work with ease it is almost necessary to use a magnifying 
glass (see below). Suppose, having obtained both sharp, we turn 
back to our largest aperture, we shall find that neither gate nor 
chimney are exactly sharp, but that some object between them is 
sharply focussed. As we would expect from the formulas on depth 
of focus this point is a good deal nearer to our imaginary gate than to 
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the distant chimney ; whence we take the hint that our practice in 
acquiring skill in focussing is to be in fixing upon the point, beyond 
our immediate foreground, which when focusaed with a large aperture 
will give sharp definition in other planes when the lens is stopped down. 
To judge accurately of this point is merely a matter of practice. 

In the usual run of field landscape work the foreground is foeuaaed 
and the other planes of the picture brought into focus by stopping 
down, but when photographing aubjeeta such as groups, animala, flowers 
and others, where the danger of movement compels as short an exposure 
as possible, the tentative method described above is advisable. In 
the case of some lenses — e.j. portrait lenses — it is quite necessary to focus 
with the atop which is to be actually used. [See Spherical Aberration, 
Chapter V.] 

[3] Critical foeusging — i.e. getting an extremely sharp focus — demands 
several conditions: — (1) Exact coincidence in the positions of the 
len and plate; (2) an extremely fine surfaced focussing 
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screen ; (3) a magnifier arranged so that the eye cannot accommodate 
itself to objects not in the focal plane. 

(1) In order to test whether the plate occupies exactly the same 
position as the screen on which the image was focussed, a wedge- 
shaped piece of stout cardboard is cut out and ruled as shown in fig. 
130. A steel rule or other thin rigid surface is laid across the frame 
of the focussing screen and the wedge introduced between it and the 
glass. The line coming against the edge of the rule is noted, and on 
a aimilar test being made with a plate in the dark slide, the rule 
being laid across the front of the slide, the same mark should register 
against the edge of the rule. 

(2) Ground glass is too coarse for the finest focussing. In place of 
it we can use some other obscuring medium of finer grain or a piece of 
plain glass with fine lines ruled on it. For obscuring glass hydrofluoric 
acid gas gives a very fine grain indeed and is permanent, but it is a 
dangerous material, and we recommend it only to those familiar with 
it. A more convenient medium is an emulsion of barium sulphate in 
gelatine, as recommended by W. K. Burton. 
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A piece of clear glass, without any obscuration whatever, enables 
the image to be focussed with a magnifier (see below) if it bears a few 
fine black lines. These may be scratched with a diamond, or some 
hairs may be cemented under a thin film of Canada balsam to a piece 
of ground glass. The glass surface simply serves as a plane in which 
the focussing magnifier can be moved about parallel to the plane of 
the image. The lines on the glass must appear sharply focussed 
whenever an observation is being made : their purpose is to prevent 
the eye accommodating itself to perceive 'as sharp the aerial image 
which is not in the true focal plane. It is not sufficient merely to 
adjust the focussing magnifier once and for all and to disregard this 
accommodation : a line which can be sharply focussed, and is known 
to lie in the focal plane, must lie alongside the image at the time of 
focussing. For ordinary field and interior work the high quality of 
a focussing magnifier is not important, and the instruments which are 
sold at from 2s. 6d. to 10s. 6d. each are quite sufficient. Indeed a cheap 
shilling microscope as sold at the toy shops serves this purpose quite 
well. But for accurate and critical focussing an achromatic and 
anastigmatic eye-piece is essential. That made by Zeiss is sold for 
about 25s., and is a tool which in scientific work is worth what it 
costs. 

[4] Pictorial Fotmssimj and Di fusion of Focus. — It would be easy 
to fill a book with what has been said about the badness of sharp 
pictures and the goodness of unsharp ones, or vice versa. Much of 
this is a matter of taste, and before telling how to obtain unsharp 
pictures we make room for a quotation from George Davison which 
states the case for the "fuzzy" picture. 

Writing in The American Amateur Plwtographer^ Mr. Davison 
says : — 

" To me sharpness everywhere almost invariably tends to a fiddling, 
prosaic effect. It may be natural in its appearance as much as any 
other method of focussing, but where pictorial qualities are concerned 
it seems the weakest, most disturbing and confusing style of treat- 
ment. On the other hand, with differentiation and diffusion, even 
without any other qualities, an effect in pictorial representation is 
given more broadly, with greater force and directness, than when 
there is a detailed enumeration of all the minute facts equal in 
emphasis with the main effect selected by the seeing eye of the 
artist." 

[5] Getting ^^ Diffusion of Definitions^ — which is what is meant 
when " diffusion of focus " is mentioned. There are several methods 
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by which the definition of a lens can be broken up to a greater or less 
extent. Pinholes and spectacle lenses of course will give the same 
effect, but they do not come under consideration here. 

One of the crudest methods is vibrating the camera at hte time 
of exposure. This is a practice with which one of the most eccentric 
of the new school of photographers was credited with using exten- 
sively. A gentle vibration was imparted to the tripod by sus- 
pending a heavy weight to the head by a cord, and drawing a violin 
bow across the cord at the moment of exposure. 

Backing the lens slightly during exposure was made use of by 
Claudet for large portrait work. The lens was first focussed on some 
feature of the face, and during exposure a turn was given to the 
pinion so as to remove this feature out of the focus and to bring 
others into focus, the result being an equally diffused definition. 

Another simple dodge consists in holding a spirit lamp below and 
in front of the lens hood, the stream of rarefied air thereby produced 
throwing the image slightly out of focus. This process was patented 
by a New York photographer, who christened the portraits taken by 
it " vibrotypes." Soft definition due to the introduction of spherical 
aberration can be obtained by opening out the aperture of the lens. 
The single lens is practically the only one the diaphragm of which 
can be thus treated, and the method possesses the disadvantage that 
softness can only be obtained simultaneously with the use of a large 
stop. For many purposes it is a convenience to introduce spherical 
aberration when using a small stop, a power which is given by a 
special symmetrical lens of Dallmeyer. (See the Dallmeyer Bergheim 
Lens, Chapter XL) The extent of enlargement of aperture which a 
lens will stand can be found only by trial. The best way is to have 
the aperture enlarged rather more than sufficient, and to then find by 
experiment with various paper or cardboard apertures the most suit- 
able sized diaphragm to employ. W. J. Stillman made a note a few 
years ago of the roundness and artistic quality of definition given by 
a lens when used at a larger aperture than that intended by the 
makers. His remarks referred to the concentric lens used at /1 2. 
He focussed at f22, and on opening out the diaphragm to /1 2 found 
that the details were surrounded by a kind of faint halation, and, 
although there was good definition, a pleasing soft effect was obtained. 

The use of a large aperture during part of the period of exposure 
has long been recommended as a means of reducing exposure in 
interior work, but, as recently pointed out by G. A. T. Middleton, 
this procedure gives a softness of focus from the blending of the 
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sharp and unsharp images, and allows the photographer scope for the 
exercise of his artistic faculty in representing distance. To take 
advantage of the device in landscape work, it is necessary to use 
slow plates. 

Another method is due to C. Whitney, and was described some 
years back in the British Journal Almanac, In place of the ordinary 
diaphragms a series of cardboard ones are made ranging from /3 to 
about /1 6. On these are glued thick collodion films, having a 
central circular aperture equivalent to about /SO. The thickness 
of the collodion is an important factor in determining the amount 
of diffusion obtainable. For a soft pleasing effect, use a cardboard 
diaphragm of /16 in conjunction with an aperture in the collodion 
of /30; for increased diffusion the same size of aperture in the 
collodion is used in conjunction with an aperture in the cardboard 
of /1 2 or /8. A variant of this latter plan is that suggested by 
Bigelow and used by Baron A. Rothschild. In place of the dia- 
phragm a piece of plain glass is inserted upon which circles have been 
scratched with a diamond. 

[6] Foctissing hy Scale, — The equations for conjugate foci enable 
the gradations for the focussing scale to be calculated, but it is 
necessary to know the equivalent focal length of the lens with very 
great accuracy. It is much better to graduate the scale by practical 
trial, focussing sharply, by aid of a magnifier, on a test object at 
various distances. 



CHAPTER XIV. 

THE LENS AND THE CAMERA. 

[1] The cleanliness of tJie lens is a very important point, for if the 
surfaces are covered with dust the lens scatters light uniformly all 
over the plate, thus giving flat and fogged-looking negatives. This is 
a frequent cause of failure in hand-camera work. The lens cannot be 
got at for cleaning ; it accumulates a film of dust and the result is a 
succession of fogged plates. Let the reader bear in mind that just as 
the ground glass diffuses light in all directions, and is therefore used 
behind a negative which is to be enlarged, so a lens covered with dust 
particles scatters part of the light which reaches it. Dust on the lens 
is seen at once if the lens be pointed to the sun or to the flame of a 
lamp. To remove dust, see Chapter XVI. 

[2] Reflected Light in the Camera. — Another cause of flat negatives 
is the light reflected from the sides of the camera on to the plate. 
This is most likely to happen when a lens is being used which covers 
a plate of larger size than that carried by the camera. Light falls on 
the folds of the bellows and is reflected and re-reflected on to the plate. 
The first thing is to have all wood and metal inside the camera an 
absolute dead black. Pay special attention to the deep woodwork 
close to the focussing screen found in some cameras. An improperly 
blacked framework has been known to cause a band of fog across one 
end of the plate. 

But in addition it is sometimes necessary to cut down the cone of 
rays transmitted by the lens, *so that the sides of the- bellows are 
unilluminated. This may be done by a diaphragm outside the 
camera, or one or njiore diaphragms inside. The former is better, 
though the latter is on the whole more convenient. To fit up an 
interior diaphragm, see The Photogram, March 1901, p. 80. 

The exterior diaphragm is more difficult to arrange. As Chapman 
Jones writes in Camera Ohscura : — " What is wanted is a second front 
to the camera to project an inch or two beyond the lens with an 
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opening of the same proportions as the plate, adjustable .towards and 
from the camera and also up and down, to allow for the rising front. 
It should be connected to, or connectable with, the camera front, the 
space between being covered with a very light bellows or a simple 
flexible material, to exclude light." Though difficult of application to 
a stand camera, a rigid hood might very well be. fixed to many hand 
cameras. 

[3] Rising Front or Swing Back in relation to the Lens, — When a 
building appears too low down on the plate, as in fig. 137, the best 
thing to do is to first raise the front of the camera as far as it will go. 
When by this means the view has been correctly placed, we have still 
to see whether the bottom of plate is being properly covered by the 
lens. With most modern anastigmats there is a reserve of covering 
power sufficient to exhaust the rise of front on most cameras. But 
with an older lens it often happens that the lower part of the plate is not 
covered sharply. The lens will not cover a much greater field than 
the circle enclosing the plate, and by raising the front we have lifted 
this field of good definition above the lower part of the plate (fig. 133). 
Now we can still obtain a sharp picture all over the plate if the front 
of the camera will swing. By tilting the lens upwards we do two 
things at the same time. We raise the view on the plate and we 
depress the field of definition so that once more the bottom of our 
plate is covered (fig. 134). To get this result we have turned the 
axis of the lens through a certain angle. It is no longer at right 
angles to the plate. Hence we shall find that to secure perfectly sharp 
definition over the whole plate, we have to stop down the lens con- 
siderably. 

We have been supposing that the camera has been set level before 
the view and the lens front has been raised, but very often it is not 
possible to include what we want by the use of rising front alone. 

[4] Distortion from Tilting, — Then we must tilt the camera. As 
soon as we move the plate out of the vertical (when viewed edgeways), 
we begin to introduce distortion of the kind shown in fig. 131. The 
figure shows the result of tilting the camera upwards. Tilting down- 
wards, as when photographing from a window, produces distortion of 
the opposite kind, the properly vertical lines in the picture appearing 
to converge towards a point below. To get rid of this distortion the 
plate must be swung backwards or forwards, as is necessary, until it is 
exactly upright when viewed edgeways. To test whether this is the 
case it is well to have a plumb line or rod attached to the side of the 
camera or to have a spirit-level set in the top. 
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How a miiiute's thought will show us that tilting the camera and 
swinging the hack are together a roundabout way of raising the front, 
with this differencfi, that in the first case the axis of the lens is 



thrown out at an angle to the plate, unless the front of the camera 
is also swung. Figs. 135 and 136 wUl make this cleat. 



[5] Rising Front and Swing Front. — The gist of all this in practice 
is that it is best to make the adjustments with the rising front 
alone ; or, if this is not possible, with the swing back and swing 
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front. If a swing front is not fitted to the camera, the lens must be 
stopped down to /22 or /32 in order to get all parts of the image 
into focus. 

[6] The Swing Bach is made in two pr/.i;erns. In one, principally 
found in cameras of heavier design, such as Watson's "Premier," 
the back swings from its centre. In the other pattern it is hinged 
to the camera baseboard. The first type is the best when there is no 




Fig. 133. 



Fig. 134. 



swing front on the camera, because the movement of the plate in 
regard to the lens is nil at the centre of the plate and equal but 
opposite at the top and bottom. Hence one has only to focus at the 
centre of the plate and stop down, and one gets the best definition all 





Fig. 135. 



Fig. 136. 



•over the plate possible with that particular stop. On the other hand, 
the hinge-like swing of the more usual form is all in one direction, but 
the top of the plate moves much nearer the camera than the middle 
portion. Both patterns equally correct distortion, but with the hinge 
jswing the operator can focus only by trial, and is in the dark as to 
whether he is getting the best from his lens. 
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Moral and practical advice :— 

(1) Use the rising front to the full before tilting the camera. 
Jlost cameras unfortunately could do with greater range of thia move- 
ment. F^a, 137 and 138 were made from exattly the same stand- 
point, the only difference being the position of the lens board. This 
was with a Sanderson camera, and it should be added ■that the actual 
rise possible with the instrument is much greater than that shown here. 
But very few cameras could have produced the result here shown. 

(2) If, with great rise, the l)ase of your plate is not covered, tilt 
the lens upward 

(3) If the nsmg front does not suffice, tilt the camera and swing 



Fig. 187. Fig. 138. 

the back into a vertical (edgeways) position and stop down the lens. 
You may swing the front vertical also : the gain is the power to use 
a lai^er stop ; the loss a lower position of the picture on the plate. 
■ [7] Swing Back and Round Fields. — In the above diagrams we have 
regarded the field of the lens as flat, and so it is in the case of most 
modern anastigmats. Hut many older R.R's. and landscape lenses 
have very round saucer-like fields, and in such cases the swinging of the 
Itack of the camera becomes more complicated. 

It would serve no useful purpose to elaborate directions as to 
how to use these lenses. The worker who wants critically sharp 
pictures will get a flat-field anaatigmat : the artist-man will learn to- 
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use his curved field lens by watching the focussing screen. And 
this brings us to a practical point. 

The swing back often helps us to work with a larger stop and still 
get all planes in focus. Take an example : a river landscape with a 
foreground of rushes. We know that to get them in focus we must 
rack out a little further. Instead of this we can swing back the plate 
a little, and thus get foreground and distance in focus with the same 
large aperture. 

[8] Rectifying Distortion. — Even if the plate was not vertical 
when exposure was made the picture is not lost. The distortion 
can be corrected by copying. Many formulse and calculations have 
been published providing for the degree of tilt requisite when making 
the subsequent copy. But that is a cumbrous method, and we prefer 
to recommend the reader to follow the plain directions sent us by 
Professor F. J. Allen, M.A., M.D., on our happening to mention to 
him that this book was in progress : — 

"l!^o good subject need be rejected merely because it cannot be 
taken with an upright camera back. It may be taken with a tilted 
camera, and a rectified copy may be made from the negative. In fact, 
some subjects are better treated this way, because it admits of more 
perfect definition than is possible when the swing back is used in the 
ordinary way. 

" A rectified positive is first taken from the negative in a camera. 
For this purpose I recommend a departure from the usual instruction 
* to put the negative upright, and swing the camera back so far as 
to get an upright image,' for by this means only a limited portion of 
the image can be correctly f ocussed. A much better general definition 
is obtained by slanting the swing back and the negative to the same 
angle but in opposite directions, thus : — 




'""' 'Ci^ ^'^-' 

Fig. 139. 

" It might be supposed that some disproportion would be produced 
by this method ; but I have tried it with a geometrical figure, and 
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found that the proportions of the copied negative do not diifer 
materially from those of the original figure. 

" In rectification it is desirable to use a short focus lens ; for the 
shorter the focus, the less will the plates have to be slanted. To 
rectify a whole-plate I use a 7 J-inch lens : a 5-inch lens is suitable 
for a 5 X 4 plate. 

" If the perspective be too pronounced to be fully corrected in the 
positive, the operation may be divided into two stages, a partly 
corrected positive being first made, from which a fully corrected 
negative is made in a similar manner. 

"I say * fully corrected,' but I recommend that in architectural 
pictures a slight upward convergence of lines be allowed. If they be 
bolt upright, the effect is evidently contrary to experience, and the 
lines are apt to appear to splay outwards. 

" When the positive is a rectified one, the negative can be printed 
from it by contact. 

"Positives and copied negatives should be made on the slowest 
available plates, as the faster plates are too coarse in grain. 

" It should be remembered that copying in the camera softens the 
grain of the image, whereas printing by contact accentuates it, 
especially when the source of light is a naked flame. 

" The best kind of positive for reproducing purposes is one which 
is too heavy for pictorial effect — over-exposed but fully developed, 
with pronounced detail in the high-lights, and little or no clear glass. 
A brilliant positive is unsuitable : it makes a negative in which the 
lighter parts of the subject are flat and detailless. 

" In reproducing negatives the gradation can be modified at will, long 
development increasing contrast and short development diminishing 
it. But whatever the development, the exposure must never be 
deficient. 

" It is almost unnecessary to say that in copying, the size of the 
negative may be enlarged or diminished. 

" It is a great convenience, when copying in the camera, to take 
the picture on a plate a size larger than itself. This saves much 
time and trouble in centring the image, and the possible disappoint- 
ment of finding that after all an important part of the margin has 
been omitted." 



CHAPTER XV. 

COPYING. ENLARGING. PROJECTION. 

[1] Optical Rule in Copying, — When a drawing or other picture has 
to be copied, the lens must be further from the plate than when 
photographing a distant landscape. The reason of this is given in 
,[6], Chapter I.; see also "Conjugate Foci," Chapter II. The 
■distances of the lens from the plate and from the object follow a 
•definite rule, which is repeated here from Chapter II. in the fonn best 
adapted for practical work. The first thing is to know the focal 
length of your lens. The next is how much smaller the copy is to be 
than the originaL This latter point must refer to the relative lengths 
of the copy and the original, not to their areas. Suppose our lens is 
6 ins. focus and we are going to copy a drawing 12 ins. broad, so as 
to get a copy 4 ins. broad. Required to know how far away we shall 
place the camera and to what length extend the bellows. Divide the 
breadth of the original by the breadth of the copy. 12 divided by 
4 is 3. This figure, 3, is the " reduction." Now here is our rule. 

Divide the focal length of the lens by the " reduction "figure and add 
one focal length thereto. TMs gives the camera extension. Thus 
6-7-3 + 6 = 8. 

Multiply the focus by the reduction factor and as Ijefore add one 
focal length thereto. This gi/oes the distance from lens to copy. Thus 
6 X 3 4- 6 = 24. 

A useful check on the calculation is to notice that the distance 
from lens to object must be the same number of times greater than 
the distance from lens to plate as the size of original is larger than 
the size of the picture on the piate. Thus in our example 24 + 8 = 3 
and 12-f4 = 3. 

Now it will be asked where in the lens mount must these distances 
be measured from. For exact work one distance must be measured 
from one point and <>ne from another: — the nodal or Gauss points of 
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the lens (see Chapter II.). For "near enough" work measure from 
either surface of a single lens or the stop of a R.H. and focus. 

[2] Copying with Short Extension Camera, — It often happens that 
the camera will not rack out far enough to copy on a large scale. 
Copying same size demands an extension twice the focus of the 
lens. This can be got over without resorting to a lengthening tube. 
By placing another lens in front of that on the camera the focal length 
of the whole is very greatly shortened. Copies as large and larger 
than the original can be made. One useful application of this 
is in making enlargements of single figures from groups. See The 
Fhotogram, 1894, p. 301. 

[3] Camera for Copying. — The camera for copying work should 
rack out from the back — i,e, the plate should move, not the lens. 
There are optical reasons for this. See T. Perkins, The Ph^togram, 
1899, p. 301. 

Enlarging. 

[4] Enlarging is copying with a difference — the difference being that 
we bring the lens nearer to the original (i.e. the negative) than to the 
sensitive surface. We have passed the point of copying same size, and 
as we move the lens nearer to the negative, and the focussing screen 
further away behind it, we get greater and greater enlargement. 
Usually it is convenient when the apparatus is used in this way to 
turn the lens round so that its hood faces the plate. 

Precisely the same simple rule of distances given above holds good 
when enlarging, only that it is applied somewhat differently. An 
example wiU make things clear. With a 6-inch lens we want to 
enlarge a quarter-plate (4 ins. in length) to 12x10 (12 ins. in 
length). Required : — distances from paper to lens and from lens to 
negative. A moment^s consideration will tell us that the first of 
these two is the greater, and that in place of a " reduction*' number 
we have an " enlargement " number. We use it in the same way, 
however. 

To find distance from lens to paper, 6x3 + 6 = 18. 

To find distance from lens to negative, 6 -=- 3 -i- 6 = 8. 

Exactly the same figures as before, but their positions interchanged. 

We may repeat the general rule. 

To find distance (1) from paper to lens, (2) from lens to negative when 
enlarging. Multiply focal length of the lens by degree of enlargement 
and add one focal length. This gives distance from paper to lens. 
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Divide faced length by degi'ee of erdargement arid add one focal 
length. This gives distance from lens to negative. 

The above is really all the optics of enlargement pure and simple, 
but we must go on to note some points of practical importance which 
come under the head of the — 

[5] Optics of the Enlarging Lantern, — When enlargements are made 
by artificial light it is necessary to use a lens between the negative and 




Fig. 140. 

the light. Fig. 140 shows why this is so. The rays from the source 
of light spread out in all directions and only a very small proportion 
find their way through the lens. By inserting a converging lens behind 
the negative the whole bundle of rays is drawn together and trans- 
mitted through the negative to the lens as shown in fig. 141. A 
lens used thus is called a condenser, and in practical enlarging it is 
important to understand its action. 

[6] The Condenser. — The nearer the light can be brought to the 
condenser, the better, of course, the illumination of the negative. But 
there is a limit to the converging properties of the condenser, and 




Fig. 141. 

when rays over a very wide angle fall upon it they are not rendered 
convergent. For this reason the single lens cannot be used as a 
condenser. The double and trij^le forms of condenser are the only 
practicable ones. The latter are especially necessary in the larger 
sizes. Fig. 142 shows a triple condenser designed by J. Traill Taylor^ 
in which the condensing action takes place in three stages. The 
small meniscus lens intercepts the outer rays of the beam from the 
light, L, and transmits them as a less diverging beam to the second lens, 
from which they emerge parallel, to be brought to a focus by the third 
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element. With a condensing lens of this type rays including an angle 
of 90^ can be intercepted and transmitted to the negative. 

The condenser has two conjugate foci just like any other lens. If 
the light is removed further away the focus approaches the condenser* 
On the other hand, the nearer the light, the further away the focu» 
on the other side of the lens. 

The position of the negative between N and F (fig. 141) decides the 
brightness of the enlarged image, because all the light emerging from 
the condenser is collected at F. Thei^fore the nearer we place the 
negative to F the brighter the image and the shorter the exposure 
required. The size of the cone of the rays gradually diminishes from 
N and F, and usually in a bought enlarging lantern the negative for 
which it is listed must be placed fairly close to N. 

[7] Two-fold obfect of Condenser. — The condenser thus performs 
two distinct duties : it intercepts light which woirid otherwise never 




Fig. 142. 

reach the negative, and it concentrates the bundle of rays which fall 
on it into the cone-like section seen in fig. 141. Were the source of 
light a minute bright point and the condenser free from aberration, it 
would produce the enlargement without any projection lens. As it 
is, the cone of rays does not taper oif absolutely to a point but has an 
appreciable area in its thinnest cross-section : it cannot produce an 
image approaching sharpness. A fine pinhole would enable us to cut 
down the rays which cause unsharpness and produce an almost sharp 
picture. By using a lens instead we do the same thing and get much 
greater rapidity. 

[8] The proper position foi* tJie objective is at the apex of the cone 
of rays from the condenser, F, in fig. 141. Obviously if placed away 
from this point in either direction it would cut out a certain portion 
of the bundle of rays, thus causing loss of illumination. Therefore in 
fitting up an enlarging lantern the first consideration should be the 
adjustment of the condenser and objective in this way. 

With a good condenser and light of small area, large aperture in the 
objective is not of great impoi*tance, because tlie coiie of* rays is brought 
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to a fairly fine focus. But when' the cone of rays is broader, a lens 
which can allow them all to pass is the best, say a portrait lens 
working at /4. 

[9] The Stop in Enlarging. — As will be anticipated from the last 
paragraph, the stopping down of the objective used in conjunction with 
a small light like the electric arc and a properly arranged condenser 
makes no difference until quite a small aperture is reached. This 
fact is liable to lead to difficulties which at first sight seem inexpli- 
cable : as, for example, the following from the proceedings of a London 
Society : — In using an enlarging lantern fitted with arc-light condenser 
and high class objective, exposure was purposely lengthened by intro- 
ducing first a piece of yellow glass between the light and the con- 
denser, and secondly a piece of ground glass. Results : in first case, 
still excellent definition; in second, very inferior definition. The 
reason, of course, lay in the diffusive action of the ground glass which 
sent forward through the condenser a cone of rays no longer tapering 
to a fine point but to a disc which covered the whole area of the lens. 



CHAPTER XVI. 

PRACTICAL MISCELLANEA. 

[1] Care of Lenses, Lens Gases, — A lens should be as free as possible 
from dust or film of grease, either of which scatter light into the 
camera and cause foggy images. Care should be taken as to how the 
surfaces are cleaned, for many of the modern lenses are made of 
comparatively soft glass which is easily scratched. The chamois 
leather of the bag in which the lens is often carried is by no means 
the best thing for the purpose. Better is a piece of old silk or muslin 
that has been washed and re- washed until it has become very soft. 
According to Dr. Miethe, the best material for cleaning the edges of 
mounted lenses, at which it is difficult to get with a cloth, is pith, 
especially the pith of the rush, sunflower, or elder. 

If a lens shows a dirty mark which cannot be removed by rubbing 
merely with a dry cloth, a drop of alcohol may be applied, and at once 
rubbed off again. Water, ammonia, or any such chemicals as are 
usually used for cleaning should on no account be used. According 
to Chapman Jones, the best receptacles for lenses are flat-sided 
rectangular boxes made of brown paper, the ends being folded and 
glued, and a flap from each of the two sides and ends left to fold over 
and close the top. They are easily made of any size, and when worn 
or damaged are repaired by gluing another piece of brown paper out- 
side the original. They keep out dust excellently, and if let fall, 
will rarely strike the ground on other than one corner, which, of 
course, is not in contact with the lens. 

Lenses should always be kept in cases at home as well as in the 
field. Light is apt to develop yellowness in some glasses ; and air, 
damp, and dust combine to affect the polish of the glass surfaces. 

[2] Scretoing and Unscrewing. — There is a right and wrong way of 
fitting a lens into its flange. The right way is to first turn the tube 
backwards — i,e, the wrong way of the thread — until the two click at 
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the point where the threads meet. Then reverse the movement, and 
the lens will enter its flange quite evenly. A lens can be fitted into 
a larger flange than the one in which it properly fits by wrapping a 
bit of soft paper, or tape, or a strip of pocket handkerchief around the 
lens-thread. In emergencies this plan is useful. For experimental 
work at home with lenses an extra sliding board (to the camera front) 
of thick cardboard, in which a circular hole a shade smaller than the 
lens flange has been cut, forms the readiest means of fixing the lens. 
The lens is inserted with a circular motion and a thread is thereby 
cut in the cardboard. 

If a lens sticks in its tube or flange, do not use pincers or vice. 
Take a piece of tape, make a turn about the part to be unscrewed, 
and pull the remaining end in the direction for unscrewing ; if not 
successful, apply moderate heat from a spirit lamp flame to the part 
of the screw, and give a motion to the part containing the lens, con- 
trary to that simultaneously given to the body of the objective from 
which you msh to separate it. 

[3] ^^ Starring ^^ Balsam, Un-cementing and Re-cementing. — In old 
lenses a peculiar star-like condition of the balsam . is apt to appear. 
The only remedy is to separate the glasses and re-cement. 

To un-cement a lens, remove from the metal mount and place in 
some warm water (contained in a saucepan on the bottom of which a 
few thicknesses of blotting paper or flannel have been laid). Add 
hot water gradually until at last the whole is too hot for the hand 
to bear any length of time. When this is the case, quickly apply a 
twisting movement to the upper lens, holding the lower one. They 
should slide apart. If they do not, the only thing is to make hotter 
and try again. When separated, they should be thoroughly cleaned 
with benzene or turpentine before being re-cemented. 

To re-cement, place the lenses on several thicknesses of rag or 
blotting paper in a fairly hot oven until thoroughly warm. Likewise 
place a little Canada balsam alongside until it is thoroughly fluid. 
Then drop just one drop in the centre of the concave lens and very 
gently lower the concave surface of the other into contact, Press 
slowly together, allowing the excess of balsam to exude from the 
sides. Let stand in the warm for a few minutes, again press and 
note if any more balsam escapes; if none, place aside to cool, and remove 
the balsam adhering to the edges with a rag just moistened with 
alcohol and benzene. If any difliculty is met with in getting the 
balsam to become fluid, a little benzene may be added and the two 
thoroughly mixed in the warm — i.e, by placing the bottle containing 
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the mixture in a saucepan of hot water and mixing by an occasional 
rotatory movement. 

[4] The Lens Mount, Lacquering. Removing Lacquer, Blacks 
ing StopSf etc, — Lacquering is a special process beyond the average 
worker. An excellent substitute, however, for a lacquer is celluloid 
varnish (celluloid in acetone or amyl acetate), which, applied to brass 
cold, gives a tough transparent coating ; it requires an hour or two to 
dry. 

To remove lacquer from brass rub the surface with a tuft of cotton- 
wool dipped in a mixture of equal parts of alcohol and ammonia. 

Blacking stops and the interior of the lens mount is a point that 
should occasionally be looked to. The best black varnish for parts 
which are not to stand much rubbing is made from shellac solution,^ 
turpentine and vegetable black. It is not possible to give a 
formula. The proportions should be adjusted until the best result 
is obtained. Use strong shellac solution as used by French-polishers,, 
thinned if necessary with a little methylated spirit. The black 
should be in as fine a state of division as possible. In making the 
mixture put a few shot in the bottle and shake vigorously : this 
ensures freedom from lumps. 



CHAPTER XVII. 

TESTING LENSES. 
PRELIMINARY TO PHOTOGRAPHIC TESTS. 

[1 ] Focal Length and Nodal Points. — In Chapter II. it is shown that 
the focal length of a lens is the distance from the focal plane to a 
certain point — the node of emergence : which point may be in, or 
before, or behind a single lens, and may occupy almost any position 
in the case of doublet lenses. Hence any method of determining 
focal length which directs measurement to the lens or to the stop is 
unreliable : the result may be practically correct in many cases, but 
altogether wide of the mark in others. For example, by focussing on 
a distant object and measuring from the surface of the lens to the 
ground glass, one would obtain, when working with the back com- 
bination of a 6'4-inch stigmatic, a focal length 1^ inch too long 
(see fig. 26). To be practically useful a method of determining 
focal length must not involve any knowledge of the space between 
the nodal points or the position of the latter. Of the many methods 
recommended we will give here only a few which are of practical 
usefulness either for (1) the ordinary man who wants to find the 
focal length of his lens with as little trouble as possible and with 
as simple apparatus ; (2) the man who wants to determine the focal 
lengths of a number of lenses as rapidly as possible consistent with 
accuracy ; and (3) the worker who wishes to make his determination 
with the greatest possible accuracy independently of time, apparatus, 
or calculation. 

[2] Focal Length by Gtmbb^s Method. — Recommended to people of 
class (1). Requisites: — Camera of ordinary extension; lidless box 
on which to fix camera; level board on which is pinned sheet of 
white paper. If the camera is fairly heavy, has a baseboard with a 
straight side, and will stand steadily on the board, the box can be 
dispensed with ; otherwise it is necessary to screw camera to the 
box, the shape of which does not matter so long as it stands firm 
and has one side giving a sharp straight edge on the paper. Make 
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a thin vertical pencil mark on the focussing screen, each about half 
an inch or so from opposite edges of the screen. Focus on a distant 
object, say a factory chimney or the side of a house, so that some 
vertical line falls exactly on one of the pencil lines. Make a mark 
along one side of the camera baseboard (or the edge of the box) on 
the paper, and proceed to shift the camera imtil the same line in the 
landscape coincides with the second line on the screen. Again make 
a line on the paper, using the same guiding edge. We have now all 
the data for getting the focal length, and must remove the paper 
and carefully complete the drawing. 

At this stage we have only the two lines AB and AC (fig. 144). 
We first measure with a pair of dividers the distance between the 




Fig. 143. 



two marks ou the ground glass and carefully press the points of the 
dividers on to a line L M drawn on the paper. We want the half 
of L M, and obtain this by the method a draughtsman always uses. 
A first trial with the dividers gives, say, the point N. We set off P 
by placing one of the points of the dividers at M. It is now easy to 
extend the dividers slightly so as to accurately get the middle point 
of N P, which is also the middle point of L M (fig. 145). 

This done, we next bisect the angle BAG. Placing the pointer 
of the dividers at A we mark off any convenient distance along A B 
and A C (a and b), and then from a and h draw two small arcs 
of circles which cross at c. By joining c and A, we bisect the 
angle BAG. Now we want to fit in the half length, LQ, 
between the lines A c and A B and at right angles to A B. The 
easiest way to do this is to set the T-square along A c and to move 
a set square along it until, on testing with dividers extended to the 
length L Q, the points fall on the lines A c and A B. Gall the 
line so dra'vvn D F. FA is the focal length of the lens ; it is 
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measured by spanning with a pair of dividers, and applying the latter 
to a scale. 

If this construction be done carefully the results by tliis process are 
very accurate. All the lines should be drawn as fine as possible, the dis- 




Fig. 144. 



tance between the lines on the ground glass should be as great as possible^ 
and a delicate pair of dividers and accurate scale should be employed. 
[3] Focal Length hy Schroeder's Method as modified hy Chapman 



M 

A/ : > 

Fig. 145. 

Jones, — Schroeder's method is to focus on a distant object and then! on 
a scale, making the image of the latter the same size as the original ; 
the distance through which the lens (or plate) must be moved from 
one position to the other is the focal length. Mr. Chapman Jones' 
modification consists in dispensing with the full size accurate repi^o- 
duction of the original in the second operation, a smaller image being; 
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carefully measured and the necessary correction made. The following 
practical directions are quoted from Mr. Chapman Jones {Qamera 
Obscura): — "First, focus sharply a distant object, so distant that it 
is equivalent to an infinite distance. If it is a thousand focal lengths 
away, the error in position of the focussing screen will be the one 
thousandth of one focal length. Such a fraction will probably be 
negligible in a 10-inch lens or one of smaller focal length. Mark 
the position of the movable part of the camera, either back or front, 
by a fine mark on the baseboard. Next, make two crosses with the 
fine point of a hard lead pencil on the focussing screen exactly ten 
centimetres apart (this is convenient for a half-plate camera), using 
preferably an engine divided paper scale such as are now in common 
use. Rack out the camera to approximately twice the focal length of 
the lens, or, if it will not allow of this, as far as convenient. Then 
sharply focus the scale so that the image of its gradations lie over the 
two marks already made, and read off on the focussing screen how 
many divisions of the scale are included between the two marks ; call 
this m. Mark the baseboard as before and measure the distance 
between the two marks ; call this/. If m is equal to ten centimetres, 
/ is the focal length, as in Schroeder's method. In any case, / 
multiplied by m and divided by 10 will give the focal length. The 
ten centimetres is a convenient distance to take for half-plate cameras, 
but obviously it may be any other known distance. . . . The 
accuracy of the estimation depends solely on the worker himself, 
and is simply a matter of good critical focussing and the measurement 
with a scale from one mark to another. The results of two estima- 
tions, at different times, with the same lens, wiU probably not vary 
more than the fiftieth of an inch, or even less if the focussing is 
critically done and the measurements are made with ordinary care." 

[4] Focal length hy comparison with a standard lens is the best 
method for those who have a large number of tests to make. It 
depends on the fact that the size of the image is proportional to the 
focal length of the lens. A lens of accurately known focal length is 
focussed on a well lighted object at a fixed distance from the lens 
{e,g, two black lines on a white wall). The camera is fixed and 
arranged to rack from the back so that when the lens is replaced by the 
one to be tested the only difference is the focal extension of the camera. 
A simple rule of three sum gives the focal length of the lens : 
^_ Focal length of standard lens x length of image No. 2 

length of image No. 1 

[5] Focal Length (Dalhneyer), — Focus the lens on a very distant 
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object and mark the position on the baseboard (fig. 146). Next 
reverse the lens in its flange and again focus on the same distant 
object, this time measuring from some fixed point on the lens, say the 
hood (fig. 147). 

Now replace the lens in its normal position with the screen at F^, 




Fio. J46. 

and remove it an exact distance (y) further away, roughly about one 
fourth of its distance from the lens for convenience (fig. 148). Lastly, 
find the distance now necessary for the placing of an object so that 
its image is well defined at the new position of the screen at I. 

F = V^ 
i.e, we must multiply x y and extract the square root of the product. 
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Fio. 147. 



[6] Focal Length (Dallmeyer), — The method described by Mr. T. "R: 
Dallmeyer (TraiU Taylor Lecture, 1898) has the advantage that no 
measurements of the image nor from any part of the lens itself are 
necessary. The principle of the method is as follows : — In fig. 149 
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Fig. 148. 



N, and Ng are the nodal points of the lens which remains fixed 
throughout the test An object, A, is sharply focussed and the posi- 
tion of the screen at A' noted. Then A is moved a certain distance, 
/, to B, and again focussed at B'. It is again moved exactly the 
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same distance, /, to C, and again fociissed at C. Calling the dis- 
tances A'B' and B'C, through which the focal plane is moved, 
c and a, the focal length, F, of the lens is given by the formula :— 



XT _ /s/2 X / X a X c(tt + c) 
c — a 

For proof of this formula see The Photographic Journal, 1898. 

The focometer specially designed for use with this method has been 
presented by Mr. Dallmeyer to the Royal Photographic Society. It 
consists of a cast iron bench, 8 ft. long, graduated throughout its 
entire length into ?^ of an inch. Along this bench the various attach- 
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Fig. 149. 



ments are moved — viz., a transparent scale (illuminated by a lamp) and 
a focussing screen, each with verniers attached reading to the y^^^^ 
of an inch, by means of which the distances through which the fittings 
are moved can be accurately determined. 

Between them, also moving along the bed, are two carriers which 
hold the lenses under examination. The second of these is only 
required when determining the focal length of a negative lens. 

[7] Finding Nodal Points. — One well known property of the 
nodal point (of emergence) is that the image of an object at an 
infinite distance does not move when the lens is moved on a vertical 
axis which passes through this nodal point of emergence. This fact 
supplies a ready means for ascertaining the position of the nodal 
points ; the nodal point of admission being found, of course, by 
reversing the lens. For experiments involving the use of a rotating 
lens a special apparatus is used^ by opticians. This is the tourniquet, 
and consists of a camera fitted so that the lens can be accurately 
turned about a vertical axis through any required angle. A simpler 
apparatus, which can be constructed at home, is that of Dr. R. S. 
Clay (Photography, 1901, p. 110), of which, since it lends itself also 
to the examination of lenses for the various observations, we give a 
brief description. A couple of pieces of board each with a V-shaped 
slot cut out are fixed to a small baseboard. They are placed so apart 
that the lens will lie upon them. Between the two boards a number 
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of holes are drilled exactly along the centre of the board and about a 
quarter of an inch apart. This baseboard is used on a second board 
on which a vertical pin is fixed, which passing through one of the 
holes in the lens-board, enables the latter to be rotated around a known 
point. In order, therefore, to find the nodal point we place the lens 
on the V's, fix up a screen behind it, and focus on a distant object, 
such as a chimney stack. We then try the effect of rotating the 
lens ; most probably the image will move away across the screen ; 
adjust the position of the lens over the axis of rotation by inserting 
the pivot in other holes, and finally (if a stationary image cannot be 
obtained with the holes alone) by shifting the lens a little on the 
V's. Focus the image sharply every time. The final position of the 
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lens is such that the pivot is situated in the plane of emergence. 
The position therefore of the nodal point can be marked on the 
lens. The distance from pivot to screen is the focal length of the 
lens. 

A more convenient method of working is warmly recommended by 
Dr. Clay. It enables the measurements to be made indoors by night 
and with far greater ease than when focussing is done in the ordinary 
way on a translucent screen. The principle is as foUows : — When 
parallel rays of light fall on a lens they come to a point at the focus ; 
on the other hand, if a point of light be placed at the focus, the rays 
from it will emerge from the lens parallel. If now a mirror be placed 
so that these parallel rays are reflected back through the lens, they 
will again converge at the focus. These facts enable us to dispense 
with our distant object. We make the lens itself supply the parallel 
rays, and we test the parallelism of these rays (reflected back by the 
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mirror) by ol)serving that the point of light and its reflected image 
coincide. 

" In practice," says Dr. Clay, " we do not use a point at *, but a small 
object. This can very conveniently be made from an unused dry 
plate. The film must be very neatly removed from an area about 
^ inch square, and a few sharp clean lines ruled on the clear glass in 
this area. These should consist of three horizontal ones, the same 
number of vertical ones, the diagonals and a circle. The gas flame 
(an incandescent for choice) is placed behind it ; a piece of zinc with a 
similar hole is placed against the back of the plate to keep the light 
from the rest of the plate which is to act as the screen. The lines are 
on the film side of the plate and that side is towards the lens. 

" The light coming through the hole in the screen must be arranged 
to pass through the lens and fall on the mirror, M. This must then 
be adjusted until the light is reflected back to pass again through the 
lens, and form a bright patch on the screen almost on the top of the 
ruling. This will be just a patch of light at first, but by moving the 
lens nearer or farther from the screen it will be brought to a sharp 
focus. This mirror must be adjusted until this image is almost over- 
lapping the ruling itself — i.e, until it is just by the hole in the film. 

" Lastly, the lens must be rotated on its pivot and adjusted as 
previously described until its rotation produces no motion of the image 
on the screen. When this is obtained, the distance from the point to 
the screen is the focal length of the lens." 

[8] Measuring Rapidity — ix. " Working ApertureJ^ — The methods 
of ascertaining the real focal aperture (or / No.) of a lens are 
dealt with in Chapter IX. on the diaphragm. Here we need only 
remind the beginner of the way in which the "focal aperture" is 
completely altered when one only of the components of a rectilinear 
is used. To find the real working aperture of the single lenses divide 
the focal length by the actual diameter of the stop. To confirm the 
focal apertures marked on the lens mount, divide the available 
aperture (wliicli is a little greater than the real aperture, and is found 
as described in Chai)ter IV.) by the equivalent focal length. 

Testing for Abbkrations — Spherical Aberration, Astigmatism, 
Chromatism, Curvature of Field, Illumination of Field, etc. 

[9] Preliminary to any Photographic l^ests, — Before commencing 
any tests which involve the exposure of a plate, the worker should 
make quite sure that the surface of the sensitive plate occupies exactly 
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the same position as the surface of the screen on which the image is 
focussed ; or, in other words, whether the slide " works to register." 

Many lenses are unwittingly condemned as giving bad definition, 
when in reality the fault does not lie with the lens, but is due to a 
badly made dark slide. The simplest way of testing whether the slide 
works to register consists in taking a straight-edge or strip of flat wood 
and placing it so that it rests in the focussing screen frame (inside). 
Place now a wedge in the ground side of the screen and push it under 
the straight-edge. The point where the inclined plane of the wedge 
touches the straight-edge is carefully marked. This gives the distance 
that the glass is away from the top edge of the frame. A piece of 
glass is now placed in the dark slide and tlie shutter is withdrawn, 
the straight-edge is placed across the slide (as with the focussing 
screen), and the wedge is pushed under as before. Make a mark on the 
wedge as in the last instance. If the slide works to register the two 
marks should be coincident ; if not, the slide is faulty. Very often 
the slide may be in register at one point and not at another — may be 
right for the centre and out at one end. If the slide is only a little 
faulty, a few strij>s of paper may be pasted on the rebate ; that is, if 
the plate comes too near ; if too far away, the paper should be pasted 
on the rebate of the focussing screen frame. 

It is also necessary to be able to focus critically. See [3], Chapter XIII. 

[10] Spherical Abe'tration. — As mentioned in Chapter IV. we 
test for spherical aberration by focussing rays from an object which 
pass through the centre of the lens and afterwards those coming 
through the margins. The image should be equally sharp in each case. 
To carry out the test, cut a disc of brown or black paper of about two 
thirds the diameter of the fixed stop of the lens : also a disc the full size 
of the lens with a central aperture a little larger than the small disc. 
Fix the small disc to the middle of the lens with a touch of gum, and 
focus sharply in the centre of the plate on a distant object — say a 
PJiotogram lens-testing chart placed so far away that its image is 
about one eighth the size of the original. Mark the position of the 
focussing screen or camera front, replace small disc by disc with 
circular aperture and again focus. With an aplanatic lens the two 
positions should coincide. 

[11] Astigmatism, — To test for and measure astigmatism we focus 
on some object containing both horizontal and vertical lines and notice 
the distance through which the screen must be moved from the position 
of sharp focus of the horizontal lines to sharp focus of the vertical 
lines. This distance increases as the rays from the object fall upon 
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the screen with greater obliquity — i.e. the nearer the edges of the 
plate, the greater the astigmatism : in the centre of the field of the 
lens there is no astigmatism. 

We have found a series of concentric circles drawn in good black 
Indian ink on a white card as good a test subject as any. Others use 
the cross bars of a window. J. H. Dallmeyer, Ltd., in their Simple 
Guide to the Choice of a Photographic LenSy give a special test object. 
Taylor, Taylor & Hobson issue concentric circle test cards. 

[12] Chromatism. — Arrange a chart, such as 2^h£ Pkotogram lens- 
testing chart, or simply a page of printed matter, some ten feet from 
the lens and inclined at an angle. Focus sharply with a magnifier at 
the middle of the chart and expose a plate (ordinary, not isochromatic). 
If any other portion of the chart is more sharply defined than the 
central focussed portion the chemical focus of the lens is not identical 
with the visual. This is not a precise expression of how the lens is 
working. The visual rays — those, it is generally assumed, by which 
the image is focussed — lie near the D line of the spectrum ; those which 
usually form the photographic image on an ordinary plate between the 
lines G and F. For lenses which are to be used for tricolor photog- 
raphy, and in which,* therefore, the highest degree of achromatism is 
desired, a much more stringent test is necessary. In this case red, 
green and blue filters are inserted in the optical system, and a lens of 
very high magnification being used in focussing the image, the differ- 
ence in position for light of the different colors is noted. But here 
again it should be noted that unless the filter itself is extremely per- 
fectly made, it may mask the performance of the lens. A filter placed 
on the lens hood or immediately behind the lens must have perfectly 
plane surfaces ; otherwise it will upset the action of the lens, acting 
indeed as a weak supplementary lens. The nearer to the focal plane 
the filter is placed the less its action in this way can affect the perform- 
ance of the lens, for which reason the best position of the light filter 
for lens testing (and also for actual work) is as close to the plate as 
possible. 

[13] Curvature of Field. — Set up a test object, consisting of lines 
at an angle of 45° to the horizon — e.g. letter X. Unless this is a 
very considerable distance from the lens — say, one hundred times its 
focal length— it is necessary to have some means of guaranteeing that 
the lens occupies the same position, as each test is made through the 
angle over which it is supposed to cover. Therefore suspend a plumb- 
bob exactly over the diaphragm slit of the lens and mark the position 
of the back of the camera when the test object is focussed exactly in 
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the middle of the field. Now rotate the camera so that the image is 
an inch to one side of the centre, re-focus with the same point as 
before ; the back should occupy the same position as in the first case. 
In some lenses the fields of which are very curved, the back will 
have to be racked in a little to get the best definition. Mark the 
second position on the paper. It is important to remember that the 
lens must always be the same distance away from the copy. By 
moving the camera the position of the lens will be altered. The 
plumb-bob supplies a simi)le fixed point to work to, and it must be 
seen in all cases when focussing that the bob is above the same point 
as at starting. Focus inch by inch until the margin is reached, 
marking the position of the base at each time. When finished, draw 
on a piece of paper a perfectly straight line the length of the base of 
the plate, bisecting the centre. Next, one inch from the centre, 
erect a perpendicular equal to the distance that the camera had to be 
racked in when focussing for tliis position. Repeat for each inch. 
Next draw a line from the centre to the margin touching each of these 
perpendiculars. The result will be a curve representing the field of 
sharp focus for a flat object, and by comparison witli the straight line 
judgment may be formed as to the quality of the lens in respect of 
flatness of field. If the field be very curved then a small stop should 
be used. 

By working in this way with a plumb-bob, the test can be made 
indoors. The test object should of course be much smaller and 
finer in order to enable fine focussing to be done. As the image 
approaches tlie edges of the field it becomes more and more diflicult 
to get. the exact focus owing to astigmatism coming into play. For 
this reason the lines of the test o])ject are made midway between 
horizontal and vertical. 

[14] Illumination of field is not easily determined. For particu-. 
lars of Sir Wm. Abney's methods as practised at Kew, see Major 
Darwin's paper {Proc. Royal Soc, No. 318, p. 403). 

[15] Cui'vilinear distortion is measured by the amount of sag 
between the ends of what should be a straight line. In order to test 
this a perfectly straight vertical line is focussed in the middle of the 
screen. A black plumb line against a white ground is the best test 
object. The camera is then turned on the tripod, so that the image 
of the line falls near the edge of the plate. We must now see how 
much the line is bowed out in the centre. To measure this " sag '' 
the ground glass is put in, polished side next the lens, and a straight- 
edge laid against the points where the image of the plumb line cuts 
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the top and bottom edges of the focussing screen. On drawing a fine 
pencil line between these two points we can see how much (generally, 
how little) the distortion amounts to, and if necessary measure it. 

[16] Angle of Cone of Illumination, etc, — The meanings of this term, 
of " angle of cone of illumination outside which the aperture begins to 
be eclipsed," are explained in Chapter III. To actually measure the 
angle requires a rather elaborate apparatus, but the following method 
is quite easy and needs only some after calculation. Focus on infinity ; 
replace focussing screen by plain glass, on which mark centre, and with 
piece of card in which is a slit about ^^ of an inch in width, observe 
the gradual change in the form of tlie stop until it just commences to 
eclipse. Mark this point on glass. Do this either with a touch of 
ink or by pasting a horizontal strip of paper along the glass and 
drawing a vertical line on the card through the slit ; the point 
occupied by the slit can thus be marked on the strip of paper with a 
pencil. Repeat the reading on the other side of the centre. The two 
readings ought to pretty well agree. Measure the distance between 
these points ; it is the diameter of the circle which is the base of the 
cone of illumination outside which the diaphragm begins to eclipse. 
This is enough for practical purposes; but to get the angle itself 
divide the distance by 2 and then by the focal length of the lens. 
This gives us the trigonometrical ratio of the tangent of half the 
angle. Look up the angle corresponding to the number in a table and 
multiply it by 2. 

A similar test, only moving slit until diaphragm entirely disappears, 
gives the angle of total illumination regardless of definition, etc. 
Similar calculation. 

To find which stop gives angle which just does not eclipse stop, 
place slit at end or right in corner of plate and stop down until an 
imintercepted view of diaphragm is obtainable. 

[17] Defective centring may be twofold. The optical axis of the 
lens may not coincide with the axis of the mounting tube, but this is 
of less importance than the axes of the separate lenses in a rectilinear 
not lying on the same straight line. Bad centring gives rise to 
defects similar to astigmatism or coma. To test, fix a brightly illu- 
minated object fairly close to the lens and focus on it, arranging the 
camera level with the test object. Now turn the lens in its mount ; 
if the image on the screen moves, the lens is not properly centred. 
It may be defective in either of the ways mentioned above. But 
now turn each of the lenses in the mount ; if the image still moves, 
the axes of the two lenses are not in the same line. 
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A second and more delicate test is Wollaston's. A distant candle 
flame is examined through the lens held at arm's length. A number 
of reflected images will be seen which, if the lens is correctly 
centred, will fall into line one behind another as the lens is 
moved. 

[18] Flare spot is not difficult to locate. Point the lens to a 
brightly lighted sky and watch the focussing screen as the lens is 
stopped down. 

A more delicate method is that of Professor Miethe. On the 
inside of the ground glass fix a bit of ])lack card (or, better, a tiny 
mirror) measuring about l|xlf inch, so that the middle of the 
smaller side falls on the centre of the ground glass. fStop down 
the lens, and then looking sideways, in order to avoid blinding 
yourself, focus the sun on the screen close to the card or mirror. 
Then by slightly moving the camera get the image right on the 
card. The greater part of the light is absorbed, or in the case of the 
mirror is reflected out through the lens so that no diffused light is 
reflected on to the ground glass from the sides of the camera. One 
can now see a number of luminous circles arranged in a straight line 
and partly overlapping, the smallest being nearest to the centre of 
ground glass. 

[19] Colo7' of the Glass J Surface, Bubbles. — For rapidity, the glass 
of a lens should be as colorless as possible. To judge of the color 
lay the lenses on a piece of white paper in good daylight. 

The mechanical perfection of the surface of the lens is of great 
importance, as upon it the brilliance of the image depends. An 
experienced eye will tell by examining the lens in a strong light 
whether its surfaces are as perfect as they should be. 

Bubbles in the glass, on the other hand, if small and not very 
numerous, do not matter. In large lenses, and mth many of the 
new Jena glasses, it is difficult to avoid them ; and as the loss of light 
does not amount to g^ ('02) per cent, their presence is no practical 
disadvantage. 
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Useful Formuljb — continued. 

Enlargement and Reduction, . . . . 

View angles, ...... 

Diagonals of plates, . . . . . 

Fixed focus distances {i.e, distances beyond which every- 
thing is in focus), . . . . . 

Correction for spectacle lenses, . . 
Working apertures of casket lenses, 
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49 
116 
118 



Reproducing to Scale. 

D Lens to object. 

d Lens to plate. 

F Focal length. 

r Times of enlargement or reduction. 

l) = Fr + F. 

d = ^ + ¥. 
r 

To find focal length necessary to give a certain reduction (r) at 
known distance (D). 

r+ 1 
Thus, to reproduce object at 30 ft. -^f^ inch size, focal length must be 

These two formulae used in conjunction with those on p. 25 will 
enable the photographer to calculate the size of image of any object 
at any distance. He will thus be able to work out the focal length 
of lenses required in a studio of given length for any given class 
of work. 



ILLUSTRATION SHOWING THE COVERING 
POWER OF A MODERN ANASTIGMAT. 



King ll<:tii'y VII.'h Cluii>e1, Weatiatiititer Abbey. 

Original taken hy W, Rice on whole [Jate with (ioerz Double 
Anastigmat No. 1, at//'31 (the 6x4 lens of 6-in. focus). 

The lens was mtsed about one inch from the centre, thus showing 
A covering power uf more than 90 degi'ees. 



THE GOERZ DOUBLE ANASTIGMAT, 

The finest of modem lensea, will be found the most suitable lens 
for the general photographer. Its rajiidity is such that, in conjunc- 
tion with a focal plane shutter, exposures as short as xinnjth of a 
second can be made, and excellent negatives secured; while for 
definition and covering power, this lens will be found unrivalled, 
as will be seen from the reduction shoivn on the following page. 

Two entirely new series of the Goerz Double Anastigmats are being 
introduced ; and while they will possess practically all those qualities 
which have made the Series TTI. so universally popular, they will 



have special features to recommend them. < >ne series has a full aperture 
of //4 5 to 5"5 ; and while the shorter focua lenses are especially 
adapted for hand-camera work, the longer focus lenses will be found 
admirable for portraiture, and, indeed, all purposes where rapidity is 
essential. The lens will be Issued at a moderate price, and its sii^e 
combination can be used as a long focus lens. Another series, work- 
ing at //6'3, will provide au anastigmat of excellent defining power 
at comparatively little cost. 

Particulars will be sent on application to C. P. Goerz, 4 and B 
Holborn Circus, I^ndon, K.C, or any photographic dealer. 
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Abb^, Dr., 67. 
Abney, SirW. deW., 166. 
Aberrations, 5i et seq. 
Actinic focas, 62, 80. 
Achromatic, 63. 

,, refractlvity, 70. 

Achromats, flat field, 68, 70. 
,, old and new, 66. 

"Adon"len8, 109. 
Aerial image, focussing, 186. 
Allen, F. G., 121, 145. 
Alterable focal length, 99. 
Altering focal length, 96. 
Anastigmat, pass test for, 89. 
Anastigmats, modem, 87, 120. 
Angle of cone of illumination, 30. 

incidence, 69. 

reflection, 7. 

refraction, 69. 

view, 27. 
,, with telephoto, 104. 
Angular aperture ( = focal aperture), 

37. 
Aperture, effective, 38. 

,, focal, 37. 
Apertures, diaphragm, 36. 
Aplanat, Steinheil's, 82. 
Aplanatic, 55. 
Apochromatic, 66. 
Architecture with telephoto, 106. 
Astigmatism, 56. 

,, testing for, 84, 163. 

Atmosphere and telephoto work, 108. 
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Back" focal length, 20. 
Balsam "starred," 153. 
Beck, Conrad, 56. 
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Beck, R. & J., Ltd., 108. 
Bergheim, J. S., 128. 
Black, dead, 164. 
Boden, Miss Evelyn, 117. 
Bow, Robert H., 115. 
Bubbles in lenses, 167. 
Bnsch's Pantoscope, 85. 
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Camera, for copying, 148. 

light in, 140. 

Sanderson, 144. 

telephoto work, 105. 
Cases for lenses, 152. 
Casket spectacle lenses, 117. 
Cementing and uncementing lenses, 

153. 
Centring, testing, 166. 
Chemical focus {i.e, focus of chemical 

rays), 63. 
Chromatism, 63. 

,, testing for, 84, 164. 
Circle of confusion, 12. 
Clay, Dr. R. S. , 160. 
Cleaning lenses, 152. 
Colour of glass, 167. 
Coma, 58. 

Combining lenses, 90, 96. 
Compensator, Miethe, 32. 
Concave, 12. 

Concentric lens, Ross, 87. 
Condenser in enlarging, 149. 
Conjugate foci, 16, 24. 
Converging lens (i,e. positive lens), 10. 

„ rays, 11, 98. 

Convex, 12. ' • 
Cooke lens, 94. 
Copying, rule for, 147. 
,, camera for, 148. 
,, with spectacle lens, 115. 
Covering power, 30, 60, 68. 
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Covering power of telephoto lens, 102. 
Crou^, de la, 32. 
Crown-glass, 64. 
Curvature of field, 60. 

M M testing, 164 
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DALLMEYER-Bergheim lens, 128. 
Dallmeyer-Petzval lens, 92. 
Dallmeyer stigmatic portrait lens, 93. 
Dallmeyer's Adon lens, 112. 

diaphragm numbers, 39. 
methods for focal length, 

159. 
rapid landscape lens, 82. 
rectilinear landscape lens, 

87. 
stigmatic, 89. 
telephoto, 93, 100. 
wide-angle landscape lens, 
82. 

Davison, George, 137. 
Depth of field, 52. 
,, focus, 45. 

,, ,, with telephoto, 103. 

Diaphragm (or stop), 34. 

and siugle lens, 74, 75. 
defects due to, 40. 
effect of opening out, 138. 
focus and aberrations, 35. 
for camera, 140. 
in enlarging, 151. 
ratios, 37. 
Diffusion of focus, 92, 137. 
Dirt on the lens, 140. 
Dispersion, 63, 65, 69. 

,, irrational, 65. 

Distance beyond which all is in focus, 

48. 
Distortion, 40. 

from tilting, 141. 
rectifying, 145. 
testing, 165. 
Diverging rays, 98. 
Dobbins, Frank B., 104. 
Double convex spectacle lens, 73. 
Doublet lenses, 81. 
Dust on the lens, 140. 
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Enlaboement lantern, 149. 
rules, 24, 148. 
table, 25. 
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Equality of illumination, 32, 86. 
Equivalent focal length, 19. 
Exposure and diaphragm, 35. 
,, with telephoto, 104. 






F numbei-s, 38. 
Fixed focus, 45. 
Flare spot, 48, 90. 

,, ,, testing for, 167. 
Flat- field, achromats, 68, 70. 
Flint glass, 64. 
Focal length, choice of, 120, 134. 

definition, 19. 

equivalent, 19. 

explanation, 14. 

measuring, 155, et seq. 

of telephoto, 102. 
Focal length and perspective, 129. 
Focal planes, 22. 
Focometer, Dallmeyer's, 160. 
Focus, 12. 

IJxed (see hyperfocal distance). 

45. 
by scale, 139. 
Focussing screen, 136. 
Focussing sharply, 135. 

, , with telephoto, 104. 
Fog, optical causes of, 43, 90, 140. 
Fovea centralis, 122. 
Frangible (or refrangible, = able to bft 

bent), 63. 
Fraunhofer lines, 65. 
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Gauss points, 18. 

Globe lens, 87. 

Goerz anastigmats, 72, 88, 94. 

,, diaphragm numbers, 39. 
Grubb's aplanatic, 82. 

,, method for focal length, 155, 
Grun, Dr E. F., 95. 
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Hand camera and telephoto, 109. 
Hyperfocal distance, 45. 
Hypergon of Goerz, 94. 
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Illumination, inequality of, 30, 86. 

of field, 165. 
Image, formation of, 8. 
Index of refraction, 69. 
Infinity, focus for, 49. 
Inverse squares, law of, 31. 
Inversion of image, 9. 
Iris diaphragm, 33. 
Irrational dispersion, 65. 
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Jena glass, 69. 



Lacqueb, 154. 

Landscaoe lens (see ** view 

"single*' lens). 
Lens, thick or thin, 17. 
'* Long focus" lenses, 120 (see angle of 

view and focal length). 
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Mackib, a., 107. 

M^agnification (telephoto), 100, 101. 

** Magnifiers," 97. 

Magnifier for focussing, 137. 

Marriage, E., 105. 

Medium angle lenses, 28. 

Meniscus, 20. 

Meniscus spectacle lens, 74. 

Meydenbauer, Dr. , 86. 

Middleton, G. A. T. , 138. 

Miethe, Dr, astigmatism, 56. 

,, coma, 58. 

,, compensator, 32. 
Mounting, as affecting covering power. 
30. 



Narrow angle lenses, 28. 
Negative for telephoto work, 100. 

„ lens, 11, 98. 
New achromats, 66. 
Nodal planes, 18. 

,, points, 18, 20. 

„ finding, ICO. 
Node of admission, 19. 

,, emergence, 19. 
Non-achromatic lens, 63. 







Object glass ( = positive lens), 10. 
Old achromats, 66. 
Opening out aperture of lens, 188. 
Opposed gradation of refractive indices,. 

71. 
Orthoscopic ( = rectilinear), 120. 



Pantoscope, Busch's, 85. 
Parallel rays, 14. 

Pass test of rapid symmetrical, 84. 
,, ,, anastigmat doublet, 89. 
Pencil of light («= bundle of rays), 30. 
Periscopic spectacle lens, 74. 
Perspective and focal length, 129. 

„ view point, 183. 
Petzval portrait lens, 90, 92, 93. 
Piazzi Smyth, 87. 
Pictorial focussing, 137. 
Pinhole image, 9. 
Portrait lens, 90, 92, 93. 
Portraiture, telephoto, 108. 
Positive for telephoto work, 99-. 
Price of lens, 113. 
Prism, 9. 
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Rapidity, measuring, 162. 
,, of a lens* 35, 40. 
Rapid rectilinear lens (see doublet lens,. 

rapid symmetrical). 
Rapid symmetrical, selecting, 83. 

,, ,, testing, 84. 

Ratios, diaphragm, 38. 
Reduction, rule for, 24. 
Refraction, 9. 
Refractive index, 69. 
Refrangible, 63. 
Retina, 121. 
Rising front, 141. 
Ross concentric, 87. 
Ross portable symmetrical, 86. 

, , view lens, 82. 
Rotating stops, 33. 
Rudolph, Dr. P., 71. 
Rudolph's triple lens, 88. 
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SoALE for focussing, 139. 

Schroeder's method for focal length, 

157. 
Screwing and unscrewing, 152. 
Second-hand lenses, 95. 
Sector for equalising illumination, 32. 
Sebaraple lenses, 94, 114. 
Sharply focussing, 136. 
Sharpness, 12. 
Single lens, 119. 

,, ,, and diaphragm, 78. 

,, ,, at a wide angle, 80. 
Single lenses and distortion, 41. 
Spectacle lenses, 73, 114. 

,, ,, achromatic, 75. 

,, ,, coiTectionfor, 74, 116. 

Spectrum, 65. 

residual, 66. 
secondary, 66. 
tertiary, 66. 
Spherical aberration, 54. 

,, ,, testing, 163. 

'* Standard *' method for focal length, 

158. 
Steinheil's aplanat, 82. 
f|| ,, orthostigmat, 89. 
Stillman, W. J., 138. 
Stop — see diaphragm, 33. 
Stopping down, limit of, 105. 
Surface of lens, 167. 
Swing back, 143. 
Swing front, 142. 
Swift*8 Petzval lens, 87. 
Symmetric planes, 23. 
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Taylor, Taylor k Hobson's lenses, 94. 
Telephoto, angle of view, 104. 

camera for, 105. 

covering power of, 102. 

depth of focus with, 103. 

lens, 93, 98. 
,, portraiture, 108. 
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Telephoto, positive, 99. 

,, rapidity, 104. 

Tertiary spectrum, 66. 
Testing anastigmat, 89. 

,, lenses, 155. 
Testing rapid symmetrical, 84. 
Thick or thin lens, 17. 
Thomas, W., 115, 116. 
Tilting table, 107. 
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Unoementing lenses, 153. 
Uncorrected lenses, 63. 
Uniform system of diaphragms, 39 
Universal lens, 120. 
U.S. numbers, 39. 



ViBKOTYPES, 138. 

View, angle of, 28. 

View lens, see single lens, 41, 78, 80, 

119. 
View point and perspective, 133. 
VirtufiJ image, 98. 
Visual focus, 62. 
Voigtlander's diaphragm numbers, 39. 
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Waed, Catharine Weed, 109, 110. 

Waterhouse stops, 83. 

Watson's Holostigmat, 72. 

Whitney, C, 139. 

Wide angle lens, 28, 121. 
,, ,, single lens, 80. 

Wollaston's test for centring, 167. 

Working aperture ( = effective aper- 
ture), 38. 
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Zeiss anastigmats, 71. 
,, diaphragm numbers, 39. 
telepositive, 150. 
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(Tht oldesl and stiU Ihe leading Lea. Makers). 

92-96 BISHOPSGATE STREET, WITHOUT, 

LONDON, E.C. 



THE LKNS. 



BEST 

AND 

SIMPLEST 
ANASTIGMATS. 



SeriM III. Series^. 

UoKE f liSES 

with full aperture, give critically fine definition right up 
to the margins of their plates, and will cover larger 
plates, as wide angle lenses, when stopped down. 

They are free from distortion, from spherical and 
chromatic aberrations, from astigmatism and curved 
field, from flare, ghost, and other common defects of 
lenses. 

They are nicely proportioned, more accurately made, 
and better finished than any other lenses. 

They are more compact, and weigh much less than 
other anastigmats, and cost less. 

A si for the Cooke Booklet. 
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Stouohtok SrneeT Works, LEICESTER 
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The Latest Triumph of Modern Optics. 

WATSON'S HOLOSTIGMAT 
CONVERTIBLE LENS. 
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MANUFACTURE. 
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Tbi ahoy* Prtcti an mubltKt to a Cath Dlacoaal ot J par caal. 

Sir Wm. Huix;ins. F.R.S,, wrilinK on Januaiy iith, »;> ; — " I liaxe lri«l ilie Hotoiciginsl Lera, 
" which I find very saii^fhctory, and superior to IhE LEns I hnve been u^ing." 

THE PHOTOOHAM. Pab. 1901, reppning fiom there^uhsoriests, isyi:— "The Geld over Ihe 
" oUte the lens is sold to covet (jXe ins.) is flat and quite fiee fiora astigmatisni and snheticai ahef 
"ration Altogethet, the ' Holostigmat ' is evidently well ahle to conyete in eraiieoM of pet; 

PHOTOaRAPHY, July IStb, 1901, spealiing of tests made with a iialf-plate Lent.tays:— 

"With this stopWS**) it could be got to covetawAo/e plate easily with good dehnition and on a 
" to X 8 owiv tit rjrl'tmi cotnets wete uniilominated .... while in the matter of distonion the 
" inutge of a straight lioe faUiog right optm the margio of the plate did not vary from the slraigbt 

W. WATSON & SONS, S.Tr.:r'n°n,.n.. 
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TO ATTAIN 

SUCCESS IN 



PHOTOGRAPHY 



IT IS NECESSARY TO SELECT 



n 6ooa Camera 
and SDumr . . 

And Reliable Plates, Films, etc. 

BUT PRACTICALLY 

Everything depends 

upon the intelligent use of 
THE LENS employed, which must be of suitable focus and 
aperture for the subject to be photographed. 



For adaptation to OLD or NBW CAMERAS, 

ROSS, Ltd., 



Offer to Amateur or Professional 
Photographers and Process Workers 

A QrealcT Cbotcg and a Finer Selection ol 

High-Class Lenses tban any ather Manui 

lacttirer In the World. 



Send for Price List of 

ROSS' SYMMETRIC ANASTIGMATS, 
ZEISS^ NEW PLANAR and UNAR LENSES, 
ZEISS' CONVERTIBLE PROTAR LENSES, 
GOERZ" DOUBLE ANASTIGMATS, etc. 

THE MOST pERtECT ueNso, 5olj |^ Leading Dealers everywhere. 



I^Ll^Oj Ltd., aiCockspur 

^ Paria Br 



III New Bond Street, London, W. 

Street, Charing Cross, S.W. 

_ Baulevaid do Temple. 
Woika : aspham CemmoD, S.W. 

ed the GRAND PRIX and a GOLD MEDAL. 
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tabloid'- 

Pbotodrapbic 

£betnicdl$ 



WRITE FOR 

BOOKLET, 
GRATIS. 



NO WEIGHING : NO MEASURING 
NO WASTE : NO TROUBLE 



PORTABLE AND 
INDISPENSABLE 
FOR TOURISTS. 



ALWAYS READY. 
ALWAYS ACCURATE 
ALWAYS RELIABLE 

Sold by all chemifts and dkalen, 
'Tabloid' Developers or Toning 
Bativy complete, ls.| TabloidT 
RestnUnen» etCy 6d. • • 
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THE I. ENS. 



Hnastigmat and 
Aplanat 

LENSES 



Best Value r^r. 



Finest Quality. 

Lowest Prices, 



SEND FOR NET LIST. 



CAN BE HAD FROM ALL DEALERS. 



WHOLESALE AGENT— 



HENRY F. PURSER. 

31 Hatton Garden, LONDON, E.G. 



HIGH-CLASS LENSES, 



THE 

BECK-STEINHEIL ORTHOSTIGMAT 

F/6-J F/6-J 

F/6-3. IN THREE SERIES. GENERAL, CONVERTIBLE, PROCESS. 

TELEPHOTO ATTACHMENTS 
FOR ANY LENSES. 



•PRACTICAL NOTES ON TELEPHOTOGRAPHY." 



LENS CATALOGUE. 32 PAGES FREE.- 



R. & J. BECK, LTD., 

68 CORNHILL, LONDON, E.G. 
Factory: Listet Votks, Kfintish Town, London, N.T. 
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THE DALLMEYER 
STIGMATie LENSES 



SERIES I.— PORTRAIT LENS, //4 (see Catalogoe). 



SERIES II A NEW UNIVERSAL LENS, //6. 



Absolute Freedom 

trom Astlgmatlsni, 

and a 

Perfectly Flat 

Field. 
Extreme Speed. 

Complele L:n^ 



Oreat Covering 

Power. 
Can be made to 

Four Different 
Lenses. 



The smaller sizes are particularly suited Cot Hand-caniera Work, covering the 
yhXe U Iht edgi! al full aperture {fj6). At a smaller aperture (//l6) they will cover 
a plate at least two sizes larger, thus embracing a very IFi't/e Angle. Hesides this, 

each combination may be used separately, 
the bacic combination having a focal length of about l\ times, and the front twice that 
of the entire lens. Thus, a " Sligmalic " don the work of four ordinary lenses. 



No, 


Plait cjvered at 




Kquiv»lcn. 


PRICE, with 
Irb Diapi^gm, 
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J. H. OALLMEYER. Ltd., 

25 NEWMAN STREET, OXFORD STREET. LONDCW, V. 

COMPLETE CATALOGUE ON APPLICATION. 



THE OflLLMEYER 
STIGMflTie LENSES 



SERIES III.— NEW RAPID LENS, 

The Seiies III. Stigmalics have a 
full apetlute of //7*S, and at this 
intensity cover the plate for which 
they ore scheduled to the corneis, 
while with an aperture oi ffiS absolute 
definition is oblained over a plate two 
sizes larger. They ate, for any given i 
^ze of plate, much lighter and more 
portable than those of Series II., there 
being only four elements in each instead of live, as in the preceding series. 

The Lenses of Series III. are not convertible, and should 
always be used intact. 

The smaller sizes are very suitable for Hand Camera and Stereoscopic work, while 
I he larger ones are destined to supersede the Rapid Rectilinear, their cost being only 
s lii<htly in excess of the latter. 
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The smaller sizes of Series II. and III. may be had in pairs for Stereo, 
work at an additional cost of 8/- per pair nett. 



J. H. OaLLMEYER, Ltd. 

25 NEWMAN STREET, OXFORD STREET, LONDON, V. 
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DaLLMEYER'S 

TELEPH0T©GRAPHie 

LENSES. 



SERIES I.— HIGH POWER. 



PATENT STEREO LENS, wilh Iris Diaphragms, and Brass. Aluminium. 

Nd. I Negative (1-6 in. focus) AT IB O «S S O 

I B PATENT PORTRAIT LENS, wiih IrLs Diaphragms, 

and No. 1 Negalivi (I'S in. focus) II 10 O 13 7 6 

:TRAIT lens, with Iris Diaphragms, 

Hive (3-, in. focus) 18 17 S 21 2 6 



No.r. NEGATIVE In Brass «2 10 O In Aluminium £3 S O 

Nu.i. .. 3 10 O « 7 6 

No, 3. , 4 17 e 12 a 



SERIES II.— MODERATE POWER. 



PATENT STEREO LENS, wiih Iris Diaphragms, ai in. Bra5,s. Aiumininm. 

focus negadve SStO O S10 O O 

I B PATENT PORTRAIT LENS, with Iris Diaphragms, 

and 3 in. fociii ntgative fl O IS 2 6 

1 B PATENT PORTRAIT LENS, wiih Iris Diaphragms, 

and 4 in. focus negative IS B O so 10 O 

'he negative elements alone can be adapted to any existing Patent Stereo, 1 B or 2 B 

NEGATIVE In Brass £3 10 O In Aluminium £4 

,. 3 10 O 4 2 

.... 4 B O S O O 



se the same i 
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COMPLETE CATALOGUE ON APPLICATION. 



THE LENS. 



OHLLMEYER'S 

TELEPH©T©GRHPHie 

LENSES. 

SERIES III.— MODERATE POWER. 

ConjUling of sn K.R. Lfnt nnd a modcralt paver Negative of about halFiu focal linglh. 
The Mias of Ihe Negative Elements alone ore here eiven. As the Positive Elemenl, either the 



F«us of Negative Element 
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'•■":;■' ■"■ 


. in. 
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Price, with Rack ami Pmion. 


£ s. 
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Telephotographic Attachment 

The great advantage of System III. h 
IJisliiV Lmsis hy firstclaji iiiaiers. provid 


to other than " Dallmeyer' 


Lenses. 


king of the poMtive Lenses 


e l*ns be n 


In all cases the Lens must be sent 


obefi 


«h<S'„«d alone. 



DflLLMEYER'S 
PHTENT PORTRftIT 
LENSES. 



ist. Quick -acting Portrait Lenses, 
2nd. Portrait Lenses . 

Litensity 77,; designated A, 

3rd. Portrait. Oroup, & View Lenses. 

liiiensityy;6 ; .lesignUed D. 
i The denominators of the (racliont eipreising inlensily 
= of the Lenses above mentioned, vie., 3, 4, 6, when mmotm, 
- at once express Ihe relative time ofcjrpoEure for eacb Lens. 
I lliiis the B aeriei require about fHt-lial/\\,t exposure of A 

DESCRIPTION.— These Lenses are constructed on 

' a JilTecenl ptinciple to Ihe old or Petzval type of Portiail 

Lenses, and excel ihem in sharpness of dediniiion, in fiee. 

tion : whilst, in addition to tb'is, Ihe^ afford ine meatis, by 



home. It produces the sharpest posable picture of objects situated menc plant. Then, by unscrewing 
the posterior cell a turn, or parts of a turn, the previous intensely sharp definition becomes modilied, 
i.t„ Ihe contrast of excessive sharpness in one plane, compared with great want of sharpness in other 
planes, is balanced, producing Ihe Imptession of a general distribution or depth of focus ; and this in 
pioporcion to the -mount of unscrewing. Nothing has l>een sacrificed in securing this n«u fajoer, 
and II cn/iAuutrfffi-nai at Ihe W// of the operator, 

JTh. OHLLMEYER7Ltd.. 

25 NEWMAN STREET, OXFORD STREET, LONDON, W. 

COMPLETE CATALOGUE ON APPLICATION. 



THE LENS. 



The 

Photogra m 

Most popular of all journals 
for those who use a camera 
for pastime, profit, or picture- 
making, because it has always 
the best articles, hints, and 
illustrations, and is elegantly 
printed. Monthly, 3d. : post 
free, 5d. 



THE RMOTOGRAM IS OBTAIWABLE in Great Britain 
through all photographic dealers, booksellers, and newsagents, 
or from the Publishers, Dawbarn & Ward, Ltd., 6 Farringdon 
Avenue, London, E.G. 

In America from Spon <& Ghamberlain, 12 Gortlandt Street, 
New York. 

RRlCEg. Monthly, 8d. (lO cents), postage, 2d. ; per annum, 
Ss. ($1.25) post free to any part of the world. 



THE PROCESS PHOTO GRAM— Journal of reproduction 
in half-tone, collotype, tri-color, etc. Monthly, ^6d. (25 cents), 
postage 2d. ; per annum, post free, 8s. ($2). 
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1 BEST AIDS TO 


THE 






1 PICTORIAL 
EFFECT. 

VIENTARY 


CAN BE USED WIT 
ANV GOOD LENS. 


PORTRAIT, WIUE->. GLE, 
TKLE.PHOTO, and cOPVlNG. 






PRICKS. 








i-plate - 0/- 
,/ipk,^ - T/6 








Sold by 
AH Deakra, oi 




JOHN J. 


GRIFFIN & SONS, LTD. 


20.3S Sardinia St., 
LONDON. 



LENS-TESTING 
CHART. 

Large size (jo by 30), on heavy surfaced paper. An invaluable test- 
object for anyone who wishes lo compare the performance of various 
lenses, as directed by the authors of The Lins. Price 1/3, post 
free, in roll, from DAWBARN & WARD, Ltd., 6 Farringdon 
Avenue, London, E.C. 

LBABIMG UEHS MAKERS 

are always willing to help and advise the users of their instruments ; 
certain of ihem retain a staff for this purpose. All the makers men- 
tioned in this book possess a copy of The Lens, and it will help both 
ihem and us if readers addressing queries to Ihem will say that they 
also have The Lens. The makers can then refer to some pari^raph 
which will throw light on the problem. 
>3 
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Good Books on Pbotographp 

Published for THE PHOTOGRAM, LTD,, by DAW BARN 
& WARD, Ltd., 6 Farringdon Avenue, London, E.G., and obtain- 
able from all booksellers, newsagents, and photographic dealers. 



PHOTOGRAPHY FOR THE PRESS. 

By the Editors of The Photogram. A Guide to the live and enthusiastic 
photographer who would make money and friends among editors. Contains 
the answers to such vital questions in press photography for profit as : Will 
submission of same print to two editors get the photographer out of fevour 
with both ? What are the latest times for sending to the illustrated papers ? 
What kind of journals do not pay for prints ? How long before publication 
do editors want prints ? What are the idiosyncrasies of the various journals 
as r^^ards the best kind of print for reproduction ? ** No point of practical 
value has been overlooked." — Liverpool Courier. Writes a Cromer Reader : — 
"Through reading the hints on Press Photograpli) in The Photogram the last 
year or two, also Photography for the Press^ I have been able to make about 
£^ this last year from the illustrated press." Illustrated. Price 1/- nett ; 
post free, 1/2. 

FINISHING THE NEGATIVE. 

A handbook of processes between fixing and printing. Edited by George 
E. Brown, F.I.C, of The Photogram, Practical, and plainly written. 
Drying and hardening negatives. Removing stains. Improving thin, dense, 
hard, or flat negatives by intensification and reduction. Varnishing negatives 
and films. Stripping and transferring. Repairing cracked or damaged 
negatives. Retouching on the film with knife and pencil (mainly for portrait 
photographers). Hand-work on back and front with color, varnish, stump, 
and' chalk (mainly for artist-men). Spotting and blocking out. Putting in 
titles. Many educative illustrations. ' * A small encyclopaedia upon the subject. '* 
— Photographic Art Journal, ** Meets a long-felt want in treating exhaustively 
on matters which are passed over in most handbooks with a brief notice as too 
well known to need attention." — Photographic Chronicle. ** You will receive 
good value for your 2s. 6d.'* — Morning Post, "A book which no amateur 
photographer can afford to be without ; will save its cost over and over again.*' 
— Practical Teacher, ''Simply invaluable for the negative maker, amateur 
or professional.*' — Rayner Roberts in The Bailey News. **A book which I 
should certainly place high in the six best books on photography." — Dr George 
Ewing in St Veronica. Cloth, 2/6 nett ; postage, 3d. 



FERRIC AND HELIOGRAPHIC PROCESSES. 

By George E. Brown, F.I.C, joint-editor of The Photogram. A manual 
of blue printing and allied processes for photographers and engineers. Full 
and practical. Detailed directions for making ferro-prussiate, Kallilype, 
Obernetter, and other prints. How to arrange a blue printing outfit. Copying 
tracings in white-line, blue-line, black-line, and brown -line. Preparing 
drawings for reproduction. With five supplements. Price 2/- nett ; 
postage, 2d. 



THE LENS. 



eopd Books on Pbotograpbp— continued. 

THE LENS. 

A plainly written practical Guide. By Thomas Bolas, F.I.C, and George 
E. Brown, F.I.C. How to choose, use, and test lenses. The properties 
of lenses explained without formulae and hard words. Chapters on the 
telephoto lens and en testing lenses. The lens in practice ; effect of focal 
length ; how to use the ** wide-angle lens *' ; the lens and the swing-back ; 
correcting distortion ; how to focus sharply, pictorially, and by scale ; how 
to get diffused definition. The optics of copying and enlarging. Lenses 
past and present, their use, properties, and valuation. 
A book written to help every possessor of a lens. 2/6 nett ; postage, 3d. 

PHOTOGRAPHIC APPARATUS: 

MAKING AND REPAIRING. A handbook for the home-worker, telling 
how to make many useful fitments for the studio, the dark-room, and the field. 
Tools and materials. How to make a head-rest, a background stand, a 
portable studio. How to block up a window : how to ventilate a dark-room. 
How fo make a portable dark-tent and a developing table. Making dark-room 
lamps, dish racks, a plate-cutting guide, draining racks, washers for negatives 
and prints. Accessories for drying negatives and prints. A universal camera, 
a big tripod, a stereo head. Vignetters. Printing frame for bromides. 
Enlarging and reducing apparatus. Easel for enlarging on bromide paper 
in the roll. Many drawings and diagrams. Paper covers, 1/- nett ; postage, 2d. 

PRACTICAL RADIOGRAPHY. 

By A. W. IsENTHAL, F.R.P.S., and H. Snowden Ward, F.R.P.S., Editor 
of The Photogram, Third edition, entirely re-written, enlarged, and brought 
up to date. A full and yet concise guide to the practical use of the Rontgen 
Rays. * * The best book of its kind. '* — Photography. * * The authors judiciously 
combine practical hints with descriptions of theoretical interest." — Nature. 
"Simple and as free as possible from technical obscurities.*' — Morning Post. 
•' A practical guide, the apparatus and accessories being clearly described." — 
The Lancet. ** Comprehensive, quite reliable, and well up to date." — Amateur 
Photographer, Handsome cloth, 200 pages, with 16 supplemental plates, 6/- 
nett ; postage 3d. 

PHOTO-AQUATINT and PHOTOGRAVURE. 

By Thos. Huson. A practical guide to the charming and really simple 
process of photogravure — the best photo-mechanical process for the amateur. 
Containing also appendix on machine-printed photogravure by A. Villain 
and J. William Smith. With two supplements. 2/- nett ; postage 2d. 

THE BOUND VOLUMES OF "THE 
PHOTOGRAM." 

No more welcome presents for photographers. Prices on application. 

AN INDEX OF STANDARD PHOTOGRAMS 

publishes the lists of hundreds of thousands of subjects likely to be needed for 
reproduction by editors of illustrated books or periodicals, lecturers, teachers. 
It is supplied direct from the publishers to subscribers. Price £1, lOs. post 
free. In America, duty and carriage paid, $10. The issue is very limited, 
and the Index will only be supplied direct to users, from the office of 
'J'he Photogram^ Effingham House, Arundel Street, W.C. 
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PHOTOGRAMS OF 
THE YEAR. 



The Best Photo- 
graphic Work of the 
Year Reproduced and 
Described. 



PHOTOeRANS OF THE YEAR is an indispensable volume 
to those who would keep abreast of the modern photographic 
pictorial movement. Each year it gives a full criticism of the 
leading British exhibitions, and reproduces in the finest fiossible half-tone 
the best and most representative work of the year. The same literary 
and pictorial treatment is extended to the photographic work of every 
land. Robert Demachy writes on the French pictures. Ernst Jtihl 
on the German. The United States, Canada, Australia, and New 
Zealand are similarly represented. Hence Photograms of the Year 
is a gallery of pictures more completely representative of all schools 
and countries than any exhibition. It is a volume of immense 
value to the would-be picture-maker by photography, who can here 
see what others are doing and compare the pictures with the judg- 
ments of qualified critics. 



PRICES. 

The Annuals of 1895 and 1896 may still be obtained — Hand- 
some cloth, 2s. nett; paper, Is. nett; postage, 4d. ; foreign, 6d. 
The Annuals for 1897 and 1898 are only obtainable (there being only 
a few copies left) by taking the complete set of seven Vols. (1895-1901) 
— price for the Set, 17s. nett, cloth bound. The 1899, 1900, and 
1901 Volumes (Double Size) — Handsome cloth, 3s. nett; paper, 
28. nett; postage, dd. ; foreign, lOd. 
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THE BORROWER WILL BE CHARGED 
AN OVERDUE FEE IF THIS BOOK IS 
NOT RETURNED TO THE LIBRARY ON 
OR BEFORE THE LAST DATE STAMPED 
BELOW. NON-RECEIPT OF OVERDUE 
NOTICES DOES NOT EXEMPT THE 
BORROWER FROM OVERDUE FEES. 

Harvard College WIdener Library 
Cambridge, MA 021 38 (61 7) 495-241 3 
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